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^^^^^»^^^^^^ 


Winter  wheat  is  the  most  important  crop  in  western  Oklahoma  and 
the  adjacent  sections  of  other  States,  the  area  represented  by  the 
Southern  Great  Plains  Field  Station.  There  wheat  occupies  a  larger 
acreage  than  do  all  other  annual  crops  combined.  It  is  the  principal 
crop  on  most  of  the  silt  loam  and  fine  sandy  loam  soils.  It  is  im- 
portant also  on  the  very  fine  sandy  loams  and  loamy  fine  sands,  al- 
though on  these  soils  it  competes  with  sorghums  and  with  cotton  in 

^  The  following  acted  as  project  leader  for  one  or  more  vears:  L.  F.  Locke, 
J.  F.  Brandon,  E.  F.  Chilcott,  H.  J.  Clemmer,  J.  E.  Smith,  O.  R.  Mathews, 
C.  W.  Brittain,  V.  C.  Hubbard,  and  John  Brenner.  Mr.  Bienner  directed  the 
field  operations  for  most  of  the  years  that  the  experiments  were  in  progress.  ^ 
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the  southern  part  of  the  section.  Wheat  is  grown  to  some  extent  on 
soils  too  sandy  for  safe  wheat  culture.  The  potential  capacity  for 
yield  is  generally  low  on  such  soils,  but  this  is  partly  compensated  by 
less  frequent  severe  injury  from  drought. 

Studies  on  cultural  practices  were  undertaken  to  determine  the  best 
tillage  methods,  crop  sequences,  and  fertility  practices  for  wheat  in 
this  region.    The  principal  objectives  of  these  experiments  were: 

(1)  To  evaluate  the  effect  of  different  implements  and  different 
times  of  seedbed  preparation  on  the  productiveness  of  wheat  on  land 
planted  to  wheat  each  year  and  to  determine  the  effect  of  methods  of 
preparing  fallow  land  on  the  productiveness  of  wheat. 

(2)  To  determine  the  effect  on  yield  of  different  types  of  drills  used 
at  two  different  dates  on  seedbeds  prepared  by  different  methods. 

(3)  To  determine  the  productiveness  of  wheat  following  different 
row  crops  and  to  compare  normal  spacings  of  row  crops  Avith  wide-row 
spacings  as  preparations  for  wheat. 

(4)  To  compare  the  productiveness  of  wheat  alternately  fallowed 
and  cropped  or  fallowed  once  in  3,  4,  or  5  years,  with  productiveness 
on  land  cropped  to  wheat  each  year. 

(5)  To  determine  the  effect  of  organic  amendments,  legumes,  and 
hay  crops  on  the  yield  of  wheat  in  rotations  and  to  measure  the  effect 
of  commercial  fertilizers  on  the  yield  of  wheat. 

CLIMATIC  CONDITIONS 

Crop  production  in  the  dry-land  area  is  determined  chiefly  by  cli- 
matic factors.  The  five  that  have  been  measured  at  the  Woodward 
station  are  precipitation,  evaporation,  temperature,  wind  velocity,  and 
relative  humidity. 

Precipitation 

Rainfall  is  the  most  important  single  climatic  factor  in  this  area. 
The  amount  and  distribution  of  the  precipitation  determine  the  quan- 
tity of  water  that  will  be  available  to  crops  at  critical  periods  in  their 
growth.  (Crop  grow^th,  even  in  years  when  the  total  precipitation 
is  above  average,  is  almost  always  limited  by  lack  of  water  at 
some  period.  Both  total  quantity  and  distribution  of  rainfall  vary 
extremely. 

The  average  annual  precipitation  from  1915  through  1948  was  23.76 
inches  (table  1).  The  departures  from  the  average  are  shown  in 
figure  1.  This  also  illustrates  the  prolonged  period  of  below-average 
precipitation  that  brought  about  the  acute  "dust  bowl"  conditions 
of  the  early  thirties.  The  extreme  range  was  from  14.79  inches  in 
1933  to  41.22  inches  in  1941.  The  detailed  monthly  precipitation  is 
given  in  table  22,  Appendix. 

The  distribution  of  rainfall  varies  from  year  to  year,  but  the  general 
trend  is  for  the  rainfall  to  be  low  in  July  in  comparison  with  the 
months  immediately  preceding  and  following  it  (fig.  2) .  This  drop  in 
July  rainfall  explains  why  row  crops,  such  as  sorghums,  do  best  when 
planted  late  enough  so  that  they  make  the  major  part  of  their  growth 


WINTER    \\^HEAT    PRODUCTION" 


40 


35 


30  — 


.Q.25 


IT 


D^J 


a 


Q 


20 


15 


u^ 


1915 


1920 


1925 


1930 


1935 


1940 


1945 


Figure  1. — Departures  of  annual  precipitation  from  the  34-year  average  (23.76 
in.),  Woodward,  Okla.,  1915-48. 

later  in  the  season.  The  precipitation  is  also  relatively  low  during  the 
winter  months.  The  average  precipitation  for  each  of  the  months, 
December  through  February,  1915-48,  was  less  than  an  inch.  There- 
fore, abundant  fall  moisture  is  necessary  to  establish  small  grains  and 
to  carry  them  through  the  winter. 
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Figure  2. 


Average  precipitation  by  10-day  periods  (average  of  34  years'  records) 
Woodward,  Okla.,  1915-48. 
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Table  1. — Monthly^  total  or  average^  and  annual  frecipitation^  mean 
temperature^  wind  velocity,  evaporation,  and  relative  humidity^ 
Southern  Great  Plains  Field  Station,  Woodivard,  Okla.,  1915-Jp8 


Item 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Precipitation inches.  _ 

Mean  temperature 

degrees  F__ 
Wind  velocity 

miles  per  hour.  _ 

0.  74 
34 

7.  0 

0.89 
39 

7.9 

1.  46 
47 
9.0 

2.  55 

57 

8.  8 
6.21 
55.0 

3.  52 

66 

7.  2 
7.43 
58.9 

3.  02 

77 

7.  2 
9.37 
56.3 

1.  95 

82 

6.6 
10  89 

Relative  humidity    percent 

51.  2 

Item 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Sea- 
sonal 
total 
or  av- 
erage, 
Apr.- 
Sept. 

An- 
nual 
total 
or  av- 
erage 

Precipitation inches.  _ 

Mean  temperature 

degrees  F__ 
Wind  velocity 

miles  per  hour__ 

Evaporation inches.  _ 

Relative  humidity. .percent- _ 

2.  41 

81 

6.2 
9.86 
53.0 

2.  64 

72 

7.0 
7.52 
56.  8 

2.44 
60 
6.6 

1.  32 
46 
6.9 

0.82 
36 
6.8 

16.09 

73 

7.  2 
5L  28 
55.20 

23.  76 
58 
7.3 

Evaporation 

Evaporation  is  important  in  determining  crop  production,  in  that 
it  is  a  measure  of  the  demand  for  water  by  crops.  The  quantity  of 
water  evaporated  in  a  day  depends  chiefly  on  the  saturation  deficit  of 
the  air  and  on  wind  velocity.  It  is  to  a  considerable  extent  comple- 
mentary with  precipitation  in  that  frequent  rains,  whicli  keep  the 
moisture  content  of  the  air  high,  reduce  the  evaporation. 

The  average  evaporation  by  months  is  shown  in  table  1.  The  aver- 
age for  the  6-month  period,  April  through  September,  Avas  51.28 
inches.  The  highest  was  61.Y0  in  1934 ;  the  lowest,  41.67  inches  in  1915 
(table  23,  Appendix) . 

Temperatures 

Maximum  and  minimum  daily  temperatures  are  perhaps  more  im- 
portant than  mean  temperatures  in  crop  production,  as  they  represent 
the  extremes  to  which  crops  may  be  subjected.  Excessively  high 
summer  temperatures  may  ruin  a  crop  when  it  is  running  short  of 
water.  Abnormally  cold  temperatures  in  winter  or  early  spring  may 
cause  winter  injury.  During  the  period  covered  by  these  experiments, 
no  killing  of  wheat  caused  by  Ioav  winter  or  spring  temperatures  has 
been  observed,  except  in  seasons  when  the  wheat  had  been  weakened 
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by  other  causes.  On  the  average,  however,  summer  mean  tempera- 
tures are  a  fair  measure  of  climate,  because  mean  temperatures  are 
usually  high  when  preci2:)itation  is  low  and  vice  versa  (table  1 ;  table  24, 
Appendix). 

Wind  Velocity 

■  Highest  average  wind  velocities  in  this  region  occur  during  March 
and  April,  and  the  lowest  in  August  (table  1).  High  velocities  for 
short  periods,  which  are  not  reflected  in  general  averages,  are  more 
important  than  mean  velocities  in  determining  if  crops  are  injured 
either  by  direct  injury  during  torrential  storms  or  by  soil  blowing. 
Mean  wind  velocities  by  months  and  years  are  given  in  table  25, 
Appendix. 

Relative  Humidity 

Relative  humidity  is  closely  related  to  temperature  and  rainfall 
(table  1). 

Relationships  between  some  of  the  princij^al  climatic  factors  and 
crop  yields  are  discussed  later. 

EXPERIMENTAL  PROCEDURE 
Description  of  Experimental  Fields 

]\Iost  of  the  experiments  at  Woodward  have  been  conducted  on  two 
fields,  designated  herein  as  fields  A  and  B.  The  two  fields  dilfer 
substantially  in  soil  type  and  in  their  presumed  adaptation  to  wheat. 

The  soil  in  field  A  consists  chiefly  of  Pratt  fine  sandy  loam  and 
Pratt  loamy  fine  sand.  An  erosion  survey  describes  this  soil  as  hav- 
ing a  high  infiltration  rate.  Recent  tests,  however,  indicate  that  at 
least  parts  of  the  field  are  much  more  sloAvly  permeable  than  had  here- 
tofore been  supposed.    The  topography  in  this  field  is  slightly  rolling. 

Different  parts  of  the  field  differ  in  productivity,  and  care  was 
taken  to  restrict  comparisons  to  comparable  areas.  The  surface  soil 
has  a  variable  texture,  which  is  shown  best  by  a  range  in  the  moisture 
equivalent  from  a  little  more  than  6  to  a  maximum  of  12  percent.  The 
majority  of  the  plots  have  a  moisture  equivalent  of  less  than  10  per- 
cent.    Generally,  there  is  little  change  in  texture  with  dei^th. 

The  field  was  broken  out  from  native  sod  in  January  1911:,  and  the 
first  crops  were  groAvn  on  uniformly  prepared  land  that  year.  The 
field  was  divided  into  plots  for  experimental  culture  practices  and  se- 
quence treatments  in  1914. 

Most  of  the  soil  in  field  B  is  similar  to  Grant  silt  loam,  with  small 
areas  occupied  by  Pratt  fine  sandy  loam  and  Weymouth  very  fine 
sandy  loam.  A  small  area  used  occasionally  for  plots  was  of  Pratt 
loamy  fine  sand. 

The  field  has  a  general  slope  to  the  northeast ;  and  the  slope  of  most 
of  the  experimental  area  is  from  1  to  3  percent.  An  erosion  survey 
indicates  that  the  more  level  part  of  the  field  has  suffered  slight  sheet 
erosion.    A  small  area  of  the  field  has  slopes  up  to  6  percent  and  has 
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undergone  moderate  sheet  erosion.  This  part  cannot  be  compared 
fairly  with  the  rest  of  the  field.  In  the  year  of  uniform  cropping 
before  experimental  work  was  started,  however,  yields  from  the  steeper 
parts  of  the  field  compared  favorably  with  those  from  less  sloping 
land. 

The  texture  of  the  soil  is  shown  by  moisture  equivalent  determina- 
tions on  a  number  of  the  plots.  Moisture  equivalents  of  the  surface 
foot  of  soil  ranged  from  11.25  to  12.25  percent.  Soils  below  the  sur- 
face foot  were  generally  heavier,  the  moisture  equivalents  ranging 
as  high  as  16  percent. 

The  field  was  partly  in  native  grass  pasture  and  partly  in  cropped 
land  when  the  tract  was  acquired.  In  some  years  there  was  a  marked 
difference  in  the  early  spring  color  of  wheat  on  the  two  parts  of  the 
field.  In  many  years  there  was  no  discernible  difference.  With  a  few 
exceptions,  the  experiments  were  laid  out  so  that  comparable  practices 
were  conducted  on  relatively  uniform  land. 

Plot  Size  and  Arrangement 

The  size  of  the  field  plots  was  2  by  8  rods,  or  one-tenth  acre.  Plots 
were  separated  at  the  sides  by  3%-f oot  alleys  and  at  the  ends  by  20-foot 
roads.  In  later  years  the  alleys  were  widened  to  permit  harvesting 
with  a  combine  and  the  sizes  of  the  plots  were  reduced  to  0.095  acre. 
Some  special  experiments,  principally  those  with  fertilizers,  were 
on  smaller  plots. 

Each  cropping  system  or  rotation  was  represented  by  as  many  plots 
as  there  were  years  in  the  system;  thus,  each  crop  and  each  tillage 
method  was  represented  each  year.  Most  rotations  were  laid  out  m 
blocks. 

Cropping  methods,  except  in  the  fertilizer  experiment,  were  not 
directly  replicated.  There  were  enough  treatments  of  a  similar 
nature,  however,  so  that  most  treatments  were  substantially  if  not 
exactly  repeated. 

Tillage  and  Seeding 

Initial  tillage  treatments  that  were  comparable  as  to  time  were  gen- 
erally performed  on  the  same  day.  With  all  tests  using  various  im- 
plements extreme  care  was  taken  to  eliminate  as  nearly  as  possible  all 
variables  other  than  the  tillage. 

Early  tillage  refers  to  cultivation  as  soon  as  practicable  after  wheat 
was  harvested.  This  was  usually  in  late  June  or  early  July  and 
averaged  July  6.  Midseason  tillage  was  performed  on  or  about 
August  15.  Late  tillage  was  done  September  15  or  shortly  thereafter. 
At  first  a  distinction  was  made  between  September  15  tillage  and  that 
performed  at  seeding,  but  this  distinction  was  not  important,  as  seed- 
ing was  usually  done  as  soon  after  the  late-fall  cultivation  as  condi- 
tions permitted. 

All  plots  in  a  given  crop  were  planted  to  the  same  variety  on  the 
same  date  by  the  same  method,  except  when  a  particular  practice 
called  for  a  deviation  in  date  or  method.  The  varieties  used  were 
those  considered  standard  for  the  area  and  were  changed  only  when 
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another  variety  had  become  better  established.  For  example,  the 
varieties  of  wheat  used  during  the  period  were  Turkey  or  Kanred 
1915-34,  Cheyenne  1935-45,  and  Pawnee  1946-48. 

In  field  B,  21  plots,  in  addition  to  checks,  were  used  for  continuous- 
tillage  tests.  The  methods  differ  in  the  tillage  implement  used,  the 
time  seedbed  preparation  was  started,  and  in  such  details  as  binding 
rather  than  combining  the  crop,  burning  of  stubble,  and  the  applica- 
tion of  manure.  When  the  experiment  was  outlined,  it  was  hoped 
that  general  comparisons  could  be  made.  It  soon  became  evident, 
however,  that,  because  of  soil  variability,  comparisons  must  be  re- 
stricted to  relatively  small  groups  of  plots. 

Statistical  Evaluation  of  Yield  Data 

The  plot  lay-outs  made  for  one  field  in  1914  (field  A)  and  the  other 
in  1932  (field  B)  were  not  set  up  with  complete  statistical  analysis  in 
mind.  Eather,  they  were  grouped  for  convenience  in  handling  by 
crops,  rotations,  or  treatments.  Owing  to  the  soil  variations,  many 
of  the  treatments  had  to  be  compared  only  with  nearby  plots.  Con- 
firmations of  data  were  obtained  by  cropping  through  several  years 
rather  than  by  replication  of  plots,  rotations,  tillage  methods,  and 
cultural  practices  in  any  one  year.  Accordingly,  it  is  not  possible 
to  separate  the  variation  caused  by  soil  from  that  caused  by  treatment. 

Most  yield  data  were  subjected  to  analysis  of  variance,  and  the 
treatment-by-years  interaction  was  used  as  a  measure  of  experi- 
mental error.  The  least  significant  differences  (L.  S.  D.)  for  compar- 
ing treatments  or  tillage  practices  were  based  on  this  error  term. 

RESULTS 
Continuous  Wheat  Production  as  Affected  by  Tillage  Practices 

AYlieat  was  grown  continuously  on  land  prepared  early,  midseason, 
and  late,  with  various  implements,  including  the  moldboard  plow, 
one-way  disk  plow  (hereafter  called  one-way),  lister,  disk,  and  with 
subsurface  tillage.  Wheat  was  also  "stubbled-in"  with  no  prepara- 
tion.    A  few  plots  were  seeded  a  month  later  than  the  rest  of  the  field. 

effect  of  time  and  type  of  tillage  when  used  continuously 

A  small  number  of  the  tillage  studies  were  made  in  field  A.  The 
first  study  consisted  of  two  methods  on  early-prepared  land  compared 
with  one  method  on  late-prepared  land.  Additional  methods  were 
introduced  a  few  years  later.  Yields  of  wheat  in  table  2  are  for  the 
period  that  all  methods  were  in  use  (table  26,  Appendix).  Yields  of 
rye  for  like  tillage  practices  are  included  in  table  2  for  comparison. 
These  indicate  that  rye  responds  to  time  of  tillage  in  the  same  manner 
as  wheat. 


8 


CIRCULAR    917,    U.    S.    DEPARTMENT    OF    AGRICULTURE 


Table  2.— Yields  of  icinter  wheat  and  lointer  rye  under  6  tillage 
methods  of  continuous  production^  field  A,  Woodivard,  Okla. 


Average  acre  yields  ^ 


Time,i  type,  and  depth  of  tillage 


Plowed  early,  8  inches 

Listed  early 

Plowed  early,  4  inches 

Early  disked  or  one-wayed 
Plowed  late 

One-wayed  late 


Bushels 

12.  3 
10.  9 
14.  4 
12.  0 
6.  5 
9.  1 


1  Average  date  for  early  tillage,  July  6;  average  date  for  late  tillage,  Septembe 
29. 

'  Significant  at  5-percent  level  compared  with  early  plowing  at  8-inch  depth  =2.0 
bu.  for  wheat;  1.4  bu.  for  rye. 

Using  the  deep  early-ploAvecI  method  as  the  standard  practice,  only 
the  early  i-inch  plowing  Avas  significantly  better  by  a  narroAY  margin. 
Growth  and  yields  on  late  ploAving  and  late  one-waying  were  mnch 
loAver  than  the  standard  (fig.  3  and  table  26,  Api^endix) . 


JiiiiiSiaii 


;;.     L;i  I  (-plowed  plot  on  left  and 
in  stand  and  growth  in  the  spring 


become  properly  rooted  until  mid-January, 


'arly-[)l(»w('(l  (»u   riulit,  showiii.u  dil'lrr- 
al'ter  a  dry  fall  when  i)lants  did  not 
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Figure  4. — Plants  from  (.i)  late-plowed.  {  J> }  oarly-i)lnwed.  and  ((')  l■allo^yed 
plots,  showing  difference  in  development  at  tlie  end  of  November  in  a  dry 
fall  (0.27-incli  precipitation  from  planting  October  8  to  November  27). 

During  the  period  early  preparation  varied  from  June  18  to  July  26 
and  averaged  July  6.  Late  preparation  ranged  from  August  30  to 
November  9,  but  averaged  September  29.  Differences  in  top  develop- 
ment of  Avheat  seedlings  are  accompanied  by  differences  in  root  growth 
(fig.  4).  Yields  from  these  plots  were  5.3  bushels  per  acre  for  late 
plowing,  19.5  bushels  for  early  plowing,  and  19.7  bushels  from  fallowed 
plot. 

Results  from  the  continuous  tillage  methods  in  field  B  are  shown 
in  table  3.  The  data  are  divided  into  groups,  and  because  of  differ- 
ences in  the  productivity  of  the  soil  on  which  these  tests  were  located, 
comparisons  are  valid  only  when  made  within  groups. 

Burning  late  and  then  one-waying  was  included  in  group  2.  This 
treatment  proved  to  be  impossible  to  do  as  outlined.  Burning  after 
harvest  can  be  performed  easily,  but  by  September  15  the  growth  of 
green  weeds  usually  prevented  natural  burning.  In  this  instance  it 
was  performed  by  sprinkling  the  plot  with  combustible  material  or 
by  using  a  weed  burner. 

The  comparison  of  early  plowing  with  early  chiseling,  or  duck- 
footing,  given  for  group  3,  runs  for  a  shorter  period  of  years  than 
the  other  comparisons,  because  duckfooting  was  replaced  by  another 
method  of  tillage  in  1941.  The  low  yields  are  a  reflection  of  the  level 
of  wheat  production  during  the  period  covered  by  the  comparison. 
For  the  whole  period  (1933-48)  the  plowed  plot  produced  an  average 
of  19.1  bushels  to  the  acre. 

The  listing  in  group  4  cannot  be  compared  fairly  with  the  deep 
and  shallow  plowing  in  group  1,  because  it  was  located  on  land  of 
lower  productivity. 

242793—53 2 
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Table  3. — Average  yields  of  continuous  loheat  separated  into  com- 
f  arable  tillage  groups^  on  land  where  the  same  cultural  practice  was 
followed  each  year  on  the  same  plot^  field  B^  Woodioard^  Okla.^ 
1933-JtS 


Plot  group/  cultural  practice,  and  depth 


Acre  yield 


Group  1 

Plowed  early,  8  inches 

Plowed  midseason,  8  inches 

Plowed  early,  4  inches 

Plowed  midseason,  4  inches 

Plowed  late,  4  inches 

L.  S.  D.  at  5-percent  level 

Group  2 
Plowed  early,  8  inches 

Plowed  early,  8  inches;  burned  stubble 

Plowed  early,  8  inches;  top-dressed  with  manure 

Burned  and  one-wayed  late 

L.  S.  D.  at  5-percent  level 

Group  3^ 

Plowed  early,  8  inches 

Chiseled  or  duckfooted  early 

Group  4 

Listed  early 

Listed  midseason 

No  preparation,  seed  stubbled-in 

L.  S.  D.  at  5-percent  level 

Group  5 

One-wayed  early ;  crop  binder-harvested 

Plowed  early,  8  inches;  crop  binder-harvested . 

Plowed  late,  4  inches;  crop  binder-harvested 

Double-disked  early;  cultivated  with  disk  (crop  combine-harvested) 

L.  S.  D.  at  5-percent  level 

Group  6 

One-wayed  early 

One-waj^ed  late 

L.  S.  D.  at  5-percent  level 


Bushels 

19.  1 
17.  1 

20.  3 
17.8 
14.  0 


1.  7 


17.9 
17.8 
18.0 
13.2 


2.0 


13.  1 
12.  7 


16.  9 

12.  9 

6.7 


13.  5 

13.  7 

7.  2 

14.0 


19.  2 
12.  2 


2.0 


1  The  field  was  divided  into  comparable  tillage  groups. 

2  Experiment  ended  in  1940  (p.  9). 

Group  5  includes  all  the  binder -harvested  plots  in  the  continuous- 
cropping  series.  The  combine  harvester-thresher  had  come  into  gen- 
eral use  at  the  time  these  experiments  were  started,  but  there  was 
still  the  fear  that  leaving  the  heavy  combine  stubble  on  the  land  might 
result  in  lowered  yields,  particularly  in  dry  years  or  if  tillage  was 
performed  late.  Consequently,  a  few  binder-harvested  plots  were 
introduced  into  the  experiment  for  comparison.  Unfortunately,  they 
were  all  located  on  the  least  productive  soil  in  the  experiment  and 
could  be  compared  with  only  one  other  method,  namely,  disking. 
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There  was  no  evidence  that  use  of  a  bmder  was  preferable,  even  in 
dry  years. 

Few  direct  comparisons  between  different  tillage  implements  could 
be  made  from  the  results  of  the  continuous-tillage  treatments,  and 
such  comparisons,  when  tillage  was  started  at  the  same  time,  were 
all  within  the  limits  of  experimental  error.  More  comparisons  be- 
tween times  of  tillage  were  feasible,  and  differences  caused  by  time 
of  tillage  were  generally  highly  significant.  Losses  in  yield  result- 
ing from  the  time  of  starting  tillage  treatments  were  serious  and 
could  not  be  corrected  hj  any  kind  of  cultivation  performed  at  a 
later  date. 

BORDERED  OR  DIKED  SOIL  AREAS 

A  single  plot  in  field  B  on  land  with  a  gentle  slope  was  leveled 
and  provided  with  a  raised  border  to  prevent  all  runoff.  This  was 
done  to  determine  whether  the  yield  of  wheat  would  be  materially 
increased  if  all  loss  of  water  through  runoff  was  prevented.  This 
plot  was  continuously  one-wayed.  The  adjacent  plot  to  which  it 
can  best  be  compared  was  alternately  one-wayecl  and  plowed.  Each 
of  these  plots  exceeded  the  other  in  yield  an  equal  number  of  times 
during  the  14-year  period  that  the  experiment  was  in  progress.  The 
average  difference  was  only  0.7  bushel,  and  that  difference  was  in 
favor  of  the  nonborclered  plot.  Holding  all  the  water  on  the  land 
may  be  beneficial  in  some  years  and  harmful  in  others. 

USE  OF  SPECIAL  AND  STANDARD  TILLAGE  PRACTICES  IN  ALTERNATE  YEARS 

The  preceding  section  discussed  tillage  experiments  conducted  con- 
tinuously on  the  same  plots.  This  section  covers  experiments  Avhere 
treatments  were  not  continuous  on  the  same  plots.  Years  of  early 
plowing  or  one-waying  alternated  with  the  years  in  which  the  speci- 
fied treatments  were  used. 

This  experiment  was  started  to  obtain  more  precise  information 
on  tillage  treatments  and  also  to  obtain  additional  information  not 
obtainable  when  a  particular  treatment  is  repeated  on  the  same  land 
each  year.  This  information  was  needed  to  answer  questions  of  this 
type:  (1)  Are  treatments  that  are  unproductive  when  used  contin- 
uously equally  unproductive  when  they  follow  good  treatments? 
(2)  Are  low  yields  caused  by  unproductive  treatments  partially  com- 
pensated for  if  the  land  is  prepared  by  a  good  method  the  next  year  ? 

There  were  23  treatments  included  in  this  test  each  year.  Treat- 
ments consisted  of  earh%  midseason,  and  late  tillage  with  different 
tillage  implements,  combinations  of  early  and  midseason  tillage,  and 
a  few  special  practices  such  as  burning  the  stubble  and  harvesting 
the  crop  with  a  binder. 

The  experiment  was  conducted  on  a  block  of  48  plots,  the  east  24 
plots  of  which  received  the  specified  cultural  practice  and  the  west 
24  plots  receiving  uniform  tillage  in  even-numbered  years ;  the  posi- 
tions were  reversed  in  odd-numbered  years.  The  plots  were  alter- 
nated systematically,  each  treatment  occupying  a  particular  location 
in  each  block  8  times.  Comparing  each  treatment  with  the  same 
plots  uniformly  treated  greatly  reduced  any  error  caused  by  soil 
variability. 
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The  south  12  plots  of  each  subblock  were  plowed  and  the  north 
12  one-wayed  as  the  tillage  practice  for  the  uniform  plots.  The 
plowed  plots  produced  an  average  yield  of  1.3  bushels  more  than  the 
one-wayed  plots,  a  difference  that  cannot  be  considered  significant 
in  view  of  the  group  arrangement  of  the  plots.  Furthermore,  nearly 
all  the  treatments  with  low  yields  were  in  the  part  plowed  in  uniform 
years,  so  any  residual  effect  from  them  would  be  evident  on  that 
type  of  tillage. 

Table  4. — Average  yields  of  continuous  loheat  under  23  different  cul- 
tural practices  compared  with  average  yields  of  uniform  plots  under 
2  tillage  practices  the  same  years^  Woodward^  Ohla..  1933-48 


Tillage  practice  before  seeding 

Average 

yields  ^ 

" 

i 

1 

Differ- 

Variable treatment  year 

L'niform  plot,     '' 

Variable     Uniform 
treatment  ;treatment  i 

ence 

same  vear       i 

1 

I 
1 

year 

vear 

1 

Early  (early  July) : 

Early : 

Bushels 

i 
Bushels 

Bushels 

Plowed  8  inches 

One-waved_  _ 

19.  2 

18.  0 

+  1.  2 

Plowed      8      inches,      straw 

do 

19.  1 

18.0 

+  1.  1 

burned. 

Plowed  8  inches ' 

do 

19.7 

19.  1 

+  .6 

One-wayed,  kept  clean  with 

Plowed 

18.  6 

18.  6 

0 

one-way.                                    I 

One-wayed;  plowed  8  inches,   , 

One-way  ed_  -  _ 

19.  3 

19.5 

-.2 

August  15. 

Plowed  4  inches i 

Plowed 

16.  9  ■ 

17.  3 

-.  4 

One-wayed;  listed  August  15- 

One-wave d_  _ 

17.  7 

18.  5 

-.8 

Basin-listed 

d6 

17.  5 

18.3 

-.  8 

Plowed   8   inches,    harvested 

do 

17.  9 

18.8 

-.9 

with  binder. 

Disked,  kept  clean  with  disk_ 

Plowed 

17.  7 

18.  7 

-LO 

Listed,  leveled 

One- waved  _  _ 

18.  3 

19.4 

-1.  1 

Plowed  8  inches,  top-dressed 

d6 

18.  9 

20.  1 

-1.  2 

in  winter. 

Plowed   8  inches,   planted  a 

do 

15.0 

17.  1 

-2.  I 

month  late. 

Plowed   4   inches,  harvested 

Plowed 

18.2 

20.4 

-2.  2 

with  binder. 

One-wa3'ed,    harvested    with 

do 

18.4 

2L3 

-2.  9 

binder. 

Midseason  (August  15) : 

One-wayed 

do 

16.4 
12.  9 

2L4 
17.  9 

-5.  0 

Plowed  ^8  inches 

One-w  aved  _  - 

-5.0 

Plowed  4  inches 

Plowed,",.--- 
One-wayed 

13.8 
IL  6 

19.  5 
17.  7 

—  5.  7 

Listed 

-6.  1 

Late  (September  15  or  later) : 

One-wayed 

Plowed 

10.  5 

19.5 

-9.0 

Plowed  4  inches 

do 

10.  1 

19.  7 

-9.  6 

Disked,  straw  burned 

do 

IL  1 

2L0 

-9.9 

One-wayed     and     seeded     a 

do 

2  8.  0 

19.6 

-11.6 

month  late. 

No    cultivation — seed    stub- 

do 

8.4 

2L2 

-12.8 

bled-in. 

1  L.  S.  D.  from  8-inch  early-plowed  at  5  percent  level  =  1.9  bu. 

2  Treatment  ended  in  1945.     Yield  adjusted  for  whole  period  by  comparison 
with  adjoining  treatment. 
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The  data  from  the  alternate  tillage  series  are  arranged  in  the  order 
of  the  differences  between  the  yields  of  the  treated  plots  and  those 
of  the  same  plots  in  years  of  uniform  treatment  (table  4).  A  casual 
inspection  sho\YS  that  time  of  tillage  is  extremely  important.  AVhere 
cultivation  was  commenced  early,  seeding  done  at  the  regular  time, 
and  harvesting  done  in  the  regular  manner,  there  were  no  yields  that 
varied  more  than  1.2  bushels  from  the  yields  of  the  same  plots  during 
the  uniform  years.  These  differences  cannot  be  considered  signifi- 
cant. Early  tillage  that  controls  weeds  and  volunteer  growth  is 
effective  in  promoting  good  yields,  regardless  of  the  particular  treat- 
ment used.  Differences  owning  to  refinements  in  tillage,  such  as  depth 
of  operation  and  succession  of  implements,  were  small.  These  refine- 
ments w^ere  considered  very  important  at  the  time  this  exjiieriment 
was  outlined,  but  it  soon  became  evident  that  differences  of  this  type 
Avere  too  small  to  be  measured  by  tJie  methods  employed. 

Yields  resulting  from  three  methods  of  early  tillage  were  more  than 
2  bushels  to  the  acre  lower  than  their  uniform  checks.  A  reduction 
as  a  result  of  late  planting  is  to  be  expected.  The  reduction  in  yield 
of  the  binder-harvested  plots  approached  significance,  but  all  of 
this  reduction  cannot  be  fairly  ascribed  to  the  removal  of  the  straw 
by  the  binder.  There  is  a  loss  in  grain  incident  to  binding,  shocking, 
curing,  hauling,  and  threshing  that  exceeds  losses  incurred  in 
combining. 

As  mentioned  earlier,  there  was  a  general  fear  that  the  heavy  straw 
left  by  combining  might  reduce  yields,  particularly  in  years  when 
moisture  during  the  summer  was  too  low  for  normal  decomposition 
of  the  straw.  The  binder-harvested  plots  were  set  up  to  measure  any 
such  reduction.  Average  yields,  however,  show  that  there  has  been 
a  possible  gain  rather  than  a  reduction  when  straw  was  left  by  com- 
bining. Annual  yields  on  combine-harvested  land  (straw  returned) 
are  relatively  as  good  following  dry  as  following  w^et  summers. 

Yields  from  the  group  of  plots  first  tilled  on  August  15  were  sig- 
nificantly lower — about  5  bushels  to  the  acre — than  the  early-tilled 
plots.  There  was  no  significant  difference  between  tillage  implements 
or  depth  of  plowing.  Annual  yields  show  that  in  about  one-third 
of  the  years  the  yield  from  tillage  starting  August  15  was  little  or 
no  better  than  that  starting  a  month  later  (table  27,  Appendix) . 

Tillage  commencing  September  15  or  later  caused  a  further  severe 
reduction  in  yield  of  about  4:  bushels  to  the  acre  below  that  commencing 
August  15. 

Tillage  beginning  even  later  further  reduced  yields,  but  for  the 
late  one-wayed  plot  this  difference  could  be  ascribed  partly  to  seeding 
date.  Although  close  direct  comparisons  cannot  be  made,  yield  reduc- 
tions from  late  preparation  were  nearly  as  severe  when  practiced 
alternately  as  when  practiced  continuously. 

The  question  of  whether  well-prepared  land  benefits  by  following  a 
treatment  producing  low  yields  was  not  fully  answered  by  this  experi- 
ment. However,  the  uniform  tillage  yields  after  the  late  (Septem- 
ber 15  or  later)  treatments  had  a  tendency  to  be  higher  following  these 
treatments.  The  difference  was  not  statistically  significant.  Any 
gain  in  yield  from  a  good  tillage  practice  following  an  unproductive 
one  was  too  small  to  compensate  for  the  loss  incurred  by  use  of  the 
unproductive  practices. 
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The  differences  in  yields  in  this  gi'oup  of  plots  were  probably  the 
most  significant  of  the  entire  series  of  experiments.  They  emphasize 
the  value  of  early  tillage  and  the  striking  reduction  in  yield  from  late 
tillage  practices.  In  addition,  they  show  the  small  differences  in 
yield  caused  by  initial  tillage  methods.  They  also  indicate,  in  deter- 
Inining  the  implement  to  use,  that  other  factors,  such  as  relative  costs 
of  preparation  or  the  surface  condition  of  the  soil  as  the  result  of  a 
tillage  practice,  may  be  more  important  than  any  probable  difference 
in  yield. 

FREQUENCY  OF  PLOWING 

An  experiment  initiated  in  field  B  in  1933  was  designed  to  deter- 
mine whether  frequent  plowing  is  necessary  or  if  it  can  be  replaced 
for  one  or  more  years  by  a  shallower  and  cheaper  operation  without 
loss  in  yield.  The  shallower  operation  used  the  first  few  years  was 
disking,  but  this  was  soon  changed  to  shallow  one-waying,  because 
one-waying  was  more  effective  in  killing  weeds  and  the  one-way 
had  come  into  common  use  in  the  area. 

There  was  no  decrease  in  yield  from  repeated  one-waying  (table 
5).  Because  the  experiment  was  located  on  land  with  a  slight  fer- 
tility gradient  from  one  end  of  the  field  to  the  other,  comparisons 
between  rotations  are  not  valid.  Comparisons  between  plots  within 
rotations  are  relatively  accurate,  because  the  yields  were  obtained  on 
the  same  plots.  The  average  yield  of  all  plots  on  plowed  land  was  19.3 
bushels,  and  that  of  all  plots  on  one-wayed  land  was  19.1  bushels;  this 
emphasizes  the  lack  of  difference  caused  by  the  tillage  method. 

Table  5. — Avei^age  yields  of  wheat  on  land  flowed  at  stated  intervals 
and  disked  or  one-ivayed  in  the  years  it  icas  not  plowed^  field  B, 
Woodivard,  OJcla.,  1933-1^8 


Frequency  of  plowing 


Plowed 
land 


Acre  yields  ^  on — 


One-waved  or  disked  land 


First 
year 


Second 
vear 


Third 
year 


Fourth 
year 


Every  year 

Every  other  year 

Bushels 
2  19.  2 
18.7 
19.6 
18.8 
20.2 

Bushels 

Bushels 

Bushels 

Bushels 

17.  5 
19.7 
19.0 
19.  1 

Once  in  3  years 

20.8 
18.9 
20.  1 

Once  in  4  vears 

18.8 
20.  6 

Once  in  5  years.                      

19.  7 

^  L.  S.  D.  at  5-percent  level  from  land  plowed  every  year=  1.6  bu. 

2  Average  of  two  plowed  plots  located  at  the  extreme  ends  of  the  block. 


FREQUENCY  OF  CULTIVATION 

This  experiment  (field  B)  was  undertaken  to  determine  how  often 
it  is  necessary  to  cultivate  between  early  tillage  and  seeding  to  obtain 
weed  control  sufficient  to  prevent  serious  reduction  in  yield.     All  plots 
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in  the  test  were  one-wayed  as  soon  as  possible  after  harvest  and  were 
given  uniform  cultivation  just  before  seeding.  Cultivations  between 
these  dates  were  designed  to  give  conditions  that  would  represent 
complete,  good,  moderate,  and  poor  weed  control  (table  28,  Appendix) . 
Yields  of  wheat  on  land  one-wayed  early  and  cultivated  at  different 
frequencies  betAveen  harvest  and  seeding  at  Woodward,  Okla.,  1942- 
48,  were  as  follows : 

Average  yield  ^ 
per  acre 
Frequency  of  cultivation:  Bushels 

Two-week    intervals 18.  6 

Monthly  intervals 20.  2 

Once,  about  mid-August 18.  3 

None  between  oue-waying  and  preparation  for  seeding 16.  4 


iNOue  ueiweeu  oue-vvayiug  aiiu  pi 
'  L.  S.  D.  at  5-percent  level=1.9  bu. 


The  most  outstanding  result  of  the  experiment  was  that  early- 
cultivated  land,  even  though  untilled  between  early  one-waying  and 
the  cultivation  at  seeding,  was  much  more  productive  than  land  where 
the  initial  preparation  was  delayed  until  near  seeding  time.  The 
spread  in  yields  between  the  monthly  interval  cultivation  and  no  cul- 
tivation after  initial  preparation  was  far  smaller  than  the  spread 
between  early  and  late  initial  tillage  preparation  in  the  continuous 
and  the  alternate  tests  previously  discussed  (tables  4  and  5). 

Cultivating  at  monthly  intervals  was  adequate  to  prevent  yield 
reduction  caused  by  loss  of  moisture  through  use  by  weeds.  Yield 
reductions  through  cultivations  less  frequent  than  at  monthly  intervals 
were  smaller  than  anticipated.  In  a  few  of  the  years  cultivations 
at  longer  intervals  were  substantially  as  productive  as  those  performed 
monthly  (table  28,  Appendix).  The  data  clearly  indicate  that  com- 
plete elimination  of  weeds  at  frequent  intervals  is  unnecessary,  but  the 
weeds  must  be  killed  before  they  reach  a  stage  of  growth  when  they 
consume  moisture  rapidly. 

Special  Implements  for  Preparing  Land 

These  experiments  cover  chiefly  methods  of  tillage  that  Avere  adopted 
after  the  original  experiments  were  outlined.  They  were  introduced 
into  experiments  in  field  B,  generally  by  discontinuing  other  treat- 
ments that  closely  paralleled  treatments  that  were  retained. 

BASIN  LISTER 

The  basin  lister  was  so  widely  acclaimed  when  it  was  first  intro- 
duced that  it  seemed  desirable  to  test  it,  not  only  as  a  method  of 
producing  wheat  annually  but  also  as  a  method  of  maintaining  fallow 
land.  It,  therefore,  was  included  in  a  number  of  comparisons.  The 
]3lots  were  divided  into  groups  because  they  were  in  different  parts 
of  the  field.  Most  of  the  basin-listed  plots  were  tilled  by  some  other 
method  from  1933  to  1936  or  1937.  Yields  from  the  previous  years 
are  included,  and  the  results  show  not  only  the  relationship  between 
basin  listing  and  comparable  methods  but  also  whether  the  compara- 
tive yields  of  the  plots  had  been  changed  by  the  change  in  method 
(table  6). 
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Group  1  was  composed  of  3-year  rotations  of  fallow,  wheat,  wheat. 
The  basin  lister  and  comparable  implements  were  used  in  cultivating 
the  land  being  fallowed.  Differences  between  methods  were  small. 
The  ordinary  listing  that  produced  the  highest  yield  during  the  years 
of  the  comparison  was  also  the  highest  in  the  years  before  these 
treatments  were  started  (table  6).  Yields  of  wheat  the  second  year 
after  fallow  are  not  given,  but  the  yields  indicated  that  there  was  no 
carry-over  of  moisture  on  basin-listed  plots. 

Group  2  was  made  up  of  alternate  wheat  and  fallow  rotations  set 
up  as  a  direct  comparison  in  a  part  of  the  field  widely  separated  from 
group  1.  The  average  differences  for  the  11-year  period  that  these 
rotations  were  in  operation  was  only  0.7  bushel  in  favor  of  ordinary 
listing,  a  difference  too  small  to  be  significant. 

Table  6. — Average  yields  of  wheat  obtained  per  acre  hy  using  hasin 
lister  compared  with  yields  from  other  tillage  methods^  1937-If8^  and 
average  yields  of  luheat  for  previous  cultural  practices  on  same  plots 

On  Fallowed  Land 


Yields  when  basin  lister  was  used 

Yields  when  basin  lister  was  not  used 

Group,  cultural  practice 
and  years 

Average 
yield 

Cultural  practice  and  years 

Average 
yield 

Group  1  1  (1937-48): 
Plowed  early 

Bushels 
28.4 

27.  0 

28.  0 

29.  1 

26.  0 
25.  3 

Group  1  2  (1933-36) : 
Plowed  early 

Bushels 
15.  0 

Basin-listed  earlv 

Listed  spring 

15.  7 

Basin-listed  earlv 

Listed  early 

15.  1 

Listed  early 

Listed  late 

17.4 

Group  2  (1938-48): 
Plowed  earlv 

Not  in  regular  treatments. 

Basin-listed  early 

On  Continuous  Wheat 


Group  3  (1938-48): 

Listed  early 

Basin-listed  earlv 

Cioup  4  (1938-48):  ^ 
Treatment  year— 
Basin-listed  early. 
Listed  early 


20. 

0 

20. 

0 

19. 

7 

21. 

0 

Group  3  (1933-37): 

Listed  early 

Listed  earlv,  split  ridges 

Group  4  (1938-48): 
Alternate  year — 

One-wayed  early 

One-wayed  early 


10.  1 
10.  5 


20.  6 
22.  3 


'-  L.  S.  D.  for  group  1  at  5-percent  level=1.3  bu. 
^  L.  S.  D.  for  group  1  at  5-percent  level=2.3  bu. 

Group  3  compared  listing  and  basin  listing  in  two  plots  continuously 
croppecl. 

Group  4  probably  afforded  the  most  accurate  comparison  in  that  the 
comparison  is  supplemented  by  yields  from  the  same  group  of  plots 
during  the  same  period  of  years  when  they  were  cropped  uniformly. 
The  difference  between  listing  and  basin  listing  was  evidently  caused 
by  location  rather  than  by  treatment. 


WINTER    WHEAT    PRODUCTION  17 

The  results  from  the  experiments  listed  above  indicate  that  yields 
from  basin  listing  are  not  measurably  different  from  those  from 
ordinary  listing.  The  mechanical  action  in  making  the  basins  pul- 
verizes the  soil  betv^een  basins  so  that  water  penetration  is  slower 
than  with  ordinary  listings.  Basins  left  by  a  basin  lister  sometimes 
hold  water  that  is  lost  by  runoff  from  ordinary  listing.  On  the  other 
hand,  water  may  stand  for  awhile  in  basins  where  there  has  been  no 
runoff  on  ordinary  listing.  Any  increase  in  moisture  through  preven- 
tion of  runoff  by  basin  listing  appears  to  be  offset  by  greater  loss 
through  evaporation. 

Unless  done  on  fairly  level  land  or  on  the  contour,  basin  listing 
may  sometimes  be  responsible  for  accelerated  erosion.  The  breaking 
of  one  dam  usually  results  in  the  breaking  of  other  dams  in  the  same 
furrows  farther  down  the  slope  with  consequent  concentration  of 
vrater. 

BASIN  TILLER 

The  basin  tiller  is  a  pit-forming  implement  of  comparatively  light 
draft  and  is  pulled  behind  a  one-way  or  other  tillage  implement.  It 
\vas  believed  by  many  that  the  pits  would  hold  water  and  prevent 
loss  by  runoff  and  thus  increase  wheat  yields.  The  basin  tiller  was 
used  for  a  period  of  10  years  on  a  plot  continuous^  cropped  to  wheat. 
Yields  from  this  plot  were  compared  with  those  from  an  adjacent 
plot  cultivated  with  the  same  implements  at  the  same  time  but  not 
basin-tilled.  The  average  yields  of  the  two  methods  were  13.9  and 
13.1  bushels  to  the  acre,  respectively.  The  greatest  difference  between 
the  two  in  any  single  year  was  only  3  bushels  to  the  acre.  The  basin- 
tiller  method  sometimes  prevents  runoff  during  comparatively  light 
rains,  and  owing  to  the  staggered  location  of  the  pits  and  the  roughness 
of  the  surface  left  by  the  pitting  operation,  runoff  water  is  not  con- 
centrated when  runoff  does  occur.  However,  not  enough  additional 
water  is  retained  by  the  pitting  operation  to  affect  wheat  yields 
materially. 

SUBSURFACE  CULTIVATOR 

Cultivation  with  an  implement  that  leaves  all  or  nearly  all  the 
stubble  on  the  surface  was  introduced  into  the  continuous-cropping 
plots  at  two  field  locations.  It  was  also  introduced  into  a  3-year 
fallow  rotation,  not  as  a  method  of  preparing  fallowed  land  but  to 
test  its  use  on  land  where  combined  wheat  on  fallowed  land  had 
left  a  comparatively  heavy  straw  and  stubble  cover.  The  I^oble 
cultivator  with  a  straight  blade  was  used  in  the  early  years  and  one 
with  wide  sweeps  in  later  years. 

Yields  on  fallowed  wheat  stubble  were  more  variable  for  the  period 
from  1943  to  1948  than  for  the  earlier  period  when  the  land  was 
uniformly  one- way ed  (table  7) .  The  subsurfaced  and  the  two  plowed 
plots  showed  about  the  same  difference  in  yield  for  the  two  periods. 

The  first  pair  of  continuously  cropped  plots  showed  a  considerably 
lower  yield  for  the  plot  subsurfaced  by  the  ISToble  blade.  The  second 
pair  produced  yields  that  were  substantially  equal. 

The  greatest  benefit  from  subtillage  lies  in  its  value  for  erosion 
control  and  not  in  its  immediate  effect  on  yields.      These  results 

242793—53 3 
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indicate  that  subtilling  did  not  increase  yields,  but  that  on  the  average 
it  reduced  them  little.  Loose,  undecomposed  straw  on  the  surface 
makes  seeding-  with  an  ordinary  drill  difficult  unless  the  soil  is  packed 
before  seeding. 

Table  T. — Average  yields  of  ivheat  on  plots  cultivated  hy  subsurface 
tillage  compared  loith  yields  from  other  plots  using  other  tillage 
methods,  field  B,  Woodward,  Ohla.,  1933-48 

On  Fallowed  Wheat  Stubble 


Acre  yields  when  subsurface  tillage 
was  used 

Acre  yields  on  same  plots  when  sub- 
surface tillage  was  not  used 

Cultural  practice  and  year 

Average 
yield 

Cultural  practice  and  year 

Average 
vield 

1943-48:1 

Early  Noble-bladed 

Earlv  one-waved 

Do_       / __ 

Bushels 
22.  6 
20.3 
24.  1 
22.4 
21.9 

1933-42:2 

Early  one-waved 

Do 

Do 

Do 

Do 

Bushels 
18.5 
18.  8 
18.  1 

Early  plowed,  8  inches 

Early  plowed,  4  inches 

17.8 
17.5 

On  Continuous  Wheat 


1941-48: 

Early  Noble-bladed.  __ 
Early  plowed,  8  inches 
Early  Noble-bladed. _. 
Early  one-way ed 


2L 

6 

25. 

1 

]6. 

0 

16. 

4 

1933-40: 

Early  duckfooted  or  12.7 

chiseled.  [ 

Early  plowed,  8  inches  __  13.  1 


1  L.  S.  D.  at  5-percent  level=1.3  bu. 

2  L.  S.  D.  at  5-percent  level  =1.1  bu. 


Effect  of  Seeding  Variables  on  Wheat  Yields 

When  these  experiments  were  started  there  were  many  opinions 
regarding  the  value  of  various  types  of  drills,  both  for  regular  and  for 
delayed  seeding  of  wheat.  Experiments  were  outlined  to  obtain 
authentic  information.  Three  types  of  drills  on  four  types  of  land 
preparation  were  used.  The  drills  were  (1)  the  Dempster  deep-fur- 
row shovel-type  drill  with  14-mch  row  spacing ;  (2)  the  Superior  deep- 
furrow  disk  drill  with  14-inch  spacing;  and  (3)  the  Superior  regular- 
furrow-  disk  drill  with  7-inch  spacing. 

Seedings  were  made  at  the  time  the  other  plots  in  the  field  were  sown 
and  about  a  month  later.  Seeding  dates  for  the  regular  sowing  ranged 
from  September  20  to  November  9,  and  the  average  seeding  date  Avas 
October  9.  The  late  seedings  ranged  from  October  22  to  December 
23,  with  the  average  November  7. 

Comparisons  did  not  include  all  possibilities  (table  8) .  Emphasis 
was  placed  on  furrow  drills  for  late  seeding,  because  it  was  assiuned 
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that  wheat  sown  too  late  to  form  an  adequate  cover  must  be  protected 
by  a  ridged  surface  such  as  that  left  by  a  f urroAv  drill. 

Comparisons  within  each  of  the  four  tillage  groups  are  valid,  but 
those  between  treatments  in  different  tillage  groups  are  not. 

Seeding  at  the  regular  date  was  better  than  seeding  a  month  late  on 
all  methods  of  seedbed  preparation.  The  reduction  in  yield  from  late 
seedings  on  fallowed  or  early-prepared  land  was  greater  for  the  Demp- 
ster than  for  the  other  types  of  drills. 

Average  yields  for  the  deep-furrow  drills  were  about  equal  and  no 
higher  than  yields  obtained  with  the  T-inch  drill. 

Table  8. — Average  yields  of  loheat  sown  ^oith  3  types  of  drills  at  2 
dates  oil  seedlyeds  prepared  hy  ^  methods,  Woodivard.  Ol'la.^  1933-Jf.O 


Seedbed  preparation  and  time  of  seeding 


Average  acre  vields  with- 


Dempster 

deep- 

fiirrow 

shovel- 

tvpe 

drill 


'I  ™     I    Superior 


Fallow: 

Seeded — 

Regular  time 
Month  late__ 
Plowed  early: 
Seeded — ■ 

Regular  time 
Month  late_- 
One-wayed  early: 
Seeded — 

Regular  time 
Alonth  late-- 
Xo  preparation: 
Seeded — 

Regular  time 
Month  late_- 


Bushels 
18.  6 
15.  6 


11.  8 
11.2 


15.0 
11.  9 


4.  6 
3.  3 


Bushels 
18.  9 
17.  3 


11.8 
11.  1 


13.  3 
12.  9 


0.  t) 

3.0 


Bushels 
20.  3 
18.  5 


13.  0 


12.  2 
11.  1 


It  had  been  thought  that  on  land  given  no  preparation  before  seed- 
ing the  Dempster  drill  might  give  better  results  than  other  drills' 
because  the  wide  shoe  gave  an  action  similar  to  plowing  or  listing. 
In  practice,  both  disk  drills  gave  higher  yields  than  the  Dempster 
for  the  regular  date  of  seeding  on  lancl  not  cultivated.  In  the  month- 
late  plowing,  the  Dempster  furrow  drill  was  slightly  better  than  the 
Superior  disk  drill.  All  yields  on  land  given  no  preparation  were 
very  poor.  This  experiment  was  ended  in  19i0,  as  the  land  had  be- 
come so  foul  with  grassy-type  weeds  that  continuation  was  neither 
practicable  nor  desirable. 

Results  with  types  of  drills  show  that  major  differences  in  pro- 
duction have  not  resulted  from  the  type  of  drill  used.  They  also 
show  that,  contrary  to  general  opinion,  the  deep-furrow  drill  was  not 
more  productive  when  seeding  was  done  late. 
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Rotations  With  Summer  Fallow 

The  use  of  summer  fallow  in  the  cropping  system  of  the  area  has 
been  thoroughly  investigated.  Studies  included  comparisons  of  al- 
ternate-cropped^ and  fallowed  land  with  annually  cropped  land; 
methods  of  fallow  to  determine  if  the  efficiency  of  fallow  can  be  im- 
proved through  the  length  of  the  fallow  period  or  through  the  im- 
plement used  in  fallow  maintenance ;  frequency  of  fallow  to  determine 
if  there  is  a  carry-over  of  moisture  from  fallow  beyond  the  crop 
immediately  following;  and  the  use  of  manure  and  other  organic 
amendments  in  fallow  systems. 

comparison  of  alternate  fallow  w^ith  continuous  cropping 

The  chief  value  of  summer  fallow  in  most  areas  is  insurance  against 
failures.  Even  though  the  acre  yield  on  fallowed  land  is  not  clouble 
that  on  land  where  a  crop  is  grown  every  year,  it  may  have  a  value 
if  it  prevents  failures.  Unless  the  yield  is  nearly  double  that  of  land 
continuously  cropped  by  good  methods  or  provides  insurance  against 
failure,  it  is  not  regularly  adapted  to  a  strictly  grain-farming  sys- 
tem. It  may  have  a  place  in  a  cropping  system  involving  other  crops, 
as  will  be  discussed  later. 

The  best  direct  comparison  of  fallow  with  continuous  cropping  was 
in  field  A.  In  this  field,  the  34:-year  average  wheat  yield  on  land 
fallowed  in  alternate  years  was  22.2  bushels  to  the  acre.     This  was 


FiGUBE  5.— A  part  of  field  U,  vu  -  ^       mih  iiie  north  side.     Fallowed  series  of 
plots  are  at  the  left.     These  are  iii  the  3-year  rotations  of  fallow,  wheat,  wheat. 

only  28  percent  higher  than  the  average  yield  of  lT.3  bushels  to  the 
acre  on  two  adjacent  early-prepared  plots  cropped  continuously. 
Probably  the  best  comparison  in  field  B  was  between  yields  on  fal- 
lowed land  and  yields  on  early  one-wayed  land  in  a  series  of  rotations 
(fig.  5  and  table  29,  Appendix).  In  this  group  the  average  yield  of 
wheat  on  fallow  was  25.2  bushels  to  the  acre.  This  was  an  increase 
of  only  33  percent  over  the  average  yield  of  18.9  bushels  that  was 
obtained  on  early-prepared  land  the  second  year  after  fallow.     On 
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the  basis  of  yields,  alternate  fallowing  and  cropping  is  not  recom- 
mended for  this  region. 

Table  9, — Percentage  of  wheat  yields  falling  within  specified  yield 
categories  on  faUoived  land  and  on  continuously  cropped,  land,  fields 
A  and  B,  Woodivard,  Okla.,  1915-J^8 


Percental 

?e  of  yields 

m  different  categories 

Yield  category 
(bushels  per  acre) 

Field  A  ( 

1915-48) 

Field  B  (1933-48) 

On  fal- 
lowed 
land 

On 
cropped 
lane. 

On  fal-     1         On 
lowed      I    cropped 
land              land 

0-to  5.0 

Percent 
3 
12 
35 
29 
21 
0 

Percent 

3 

12 

58 

24 

3 

0 

Percent 

0 

0 

31 

44 

12 

Percent 

0 

5.1  to  10.0 

13 

10.1  to  20.0   ___ 

56 

20.1  to  30.0 

19 

30.1  to  40.0 

12 

More  than  40.0 i__ 

13 

0 

Fallow  has  been  ineffective  in  preventing  wheat  failures  (table  9). 
In  field  A,  the  percentage  of  yields  in  the  0-  to  5-  and  5-  to  10-bushel 
categories  was  the  same  on  fallowed  as  on  cropped  land.  The  chief 
function  of  fallow  was  to  increase  yields  in  fair  and  good  years.  Fifty 
percent  of  the  yields  on  fallowed  land  were  more  than  20  bushels  to 
the  acre.  Yields  of  more  than  30  bushels  to  the  acre  on  fallowed  land 
exceeded  those  on  annually  cropped  land  by  the  ratio  of  7  to  1. 

During  the  16  years  that  experiments  were  in  progress  in  field  B, 
there  was  no  yield  of  less  than  10  bushels  to  the  acre  on  fallowed  land 
and  only  2  yields  of  less  than  10  bushels  on  annually  cropped  land. 
Moreover,  the  chief  function  of  fallow  appears  to  be  the  production 
of  higher  yields  in  fair  or  good  years  instead  of  the  prevention  of 
failures.  Approximately  two-thirds  of  the  yields  on  fallow  land  were 
more  than  20  bushels  to  the  acre  as  compared  with  about  one-third  on 
cropped  land.  Several  yields  of  more  than  40  bushels  to  the  acre 
were  produced  on  fallowed  land  and  none  on  cropped  land. 

Despite  the  greater  number  of  higher  yields  on  fallowed  land,  alter- 
nate wheat  and  fallow  is  not  recommended  under  cropping  condi- 
tions like  those  at  Woodward.  On  the  average,  in  both  fields,  alter- 
nate fallow  and  cropped  land  produced  only  two-thirds  as  much  wheat 
per  acre  as  land  continuously  cropped  by  good  methods.  This  severe 
reduction  in  yield  was  not  compensated  for  by  material  reduction  in 
the  number  of  very  low  yields  or  failures.  The  use  of  fallow  also 
resulted  in  a  more  rapid  loss  of  organic  matter  and  nitrogen. 


FREQUENCY  OF  FALLOW 


A  series  of  rotations  with  1  to  -i  years  of  wheat  between  years  of 
fallow  was  started  to  determine  if  there  is  a  carry-over  of  moisture 
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on  land  that  has  been  fallowed  that  extends  beyond  the  crop  imme- 
diately following-. 

The  yield  of  wheat  in  the  rotation  cropped  and  fallowed  in  alternate 
years  was  significantly  higher  than  those  of  rotations  with  more  than 
i  year  of  wheat  between  fallow  periods  (table  10).  The  possibility 
of  a  carry-over  of  moisture  was  not  supported  by  the  yields  for  the 
second  and  third  year  after  fallow.  For  some  imexplained  reason, 
the  yield  of  the  land  4  years  after  fallow  was  significantly  lower  than 
that  of  land  2  or  3  years  after  fallow  in  the  same  rotation. 

Since  the  yield  on  fallowed  land  was  mnch  less  than  donble  the  yield 
of  wheat  after  wheat  (table  10),  it  was  to  be  expected  that  the  less  fre- 
quently fallow  was  nsed  in  the  system,  the  higher  the  acre  yield  of 
the  rotations  as  a  whole  wotild  be.  The  results  from  these  rotations 
show  that  the  carry-over  of  moisture  from  fallowed  land  at  Wood- 
ward is  not  significant. 

Table  10. — Yields  of  iclieat  on  land  fcdJoiced  of  diiferenf  inferred.^-, 
'  Woodward.  Olda..  1933-^8 


Rotation 


Average  yields  per  acre 


1st  year    2d  year 
after  after 

fallow       fallow 


3d  year 
after 
fallow 


4th  year 
after 
fallow 


Average 
yield  per 
acre  in 
rotation 


Fallow,  wheat 

Fallow,  wheat,  wheat 

Fallow,  wheat,  wheat,  wheat __. 

Fallow,    wheat,    wheat,   wheat, 

wheat 


24.  1    . 
22.  6 
22.4  I 

22.  2 


Bushels  !  Bushels     Bushels     Bushels     Bushels 


LT.  6 

17.  5 

18.  1 


16.  8 
IS.  2 


16.  2 


12.  1 
13.4 
14.2 

14.  9 


1  L.  S.  D.  at  5-percent  level  between  yields  on  fallowed  land=1.3  bii. :  L.  S.  D. 
between  yields  on  cropped  land=1.5  bu. 


Rotations  With  Other  Crops 


WHEAT  FOLLOWING  CULTR'ATED  CROPS 


The  etfect  of  the  different  crops  grown  in  cultivated  rows  on  yields 
of  wheat  the  following  year  has  been  studied  in  a  group  of  2-year  rota- 
tions, located  in  both  fields  (table  11) . 

Yields  of  wheat  following  corn  and  cowpeas  were  about  equal  and 
approximately  equivalent  to  the  yield  of  wheat  grown  continuously 
on  early-prepareclland  (table  11) . 

Yields  on  both  milo  and  kafir  land  were  so  low  that — except  in  an 
emergency — seeding  wheat  after  either  of  these  crops  is  imdesirable. 

The  average  yield  of  wheat  following  milo  was  slightly  higher  than 
after  kafir  in  field  B,  while  the  reverse  was  trae  in  field  A.  However, 
during  the  period  1933-48.  the  years  that  the  field  B  experiments  were 
in  progi;ess.  the  yield  following  milo  was  also  higher  in  field  A.  The 
change  in  relative  yields  of  the  two  sequences  infield  A  may  be  a  re- 
sult of  the  change  in  harvesting  methods  for  milo.     Beirinnino-  iu 


WINTER    WHEAT    PRODUCTION 


23 


1932,  milo  stover  was  left  standing.  Wheat  seeded  in  sorghums  was 
damaged  somewhat  when  the  stover  was  harvested.  It  may  be  that 
the  absence  of  such  damage  after  milo  stalks  were  allowed  to  stand 
accounted  for  the  change  in  its  yield  relative  to  that  following  kafir. 
The  milo  stalks  in  field  B  were  not  harvested  duriiig  the  progress  of  the 
experiment. 

Table  11. — Yields  of  loheat  following  different  row  crops  and  on  early- 
prepared  continuously  cropped  land^  fields  A  and  B^  Woodward, 
Olla.,  1919-4B 


Preceding  crop 

Average  acre  yield  i  of 
wheat 

Field  A, 
1919-48 

Field  B, 
1933-48 

Corn                                        

Bushels 
18.  4 
18.4 
12.5 
13.  1 

Bushels 

19.  3 

Cowpeas 

19.  8 

Milo 

13.  3 

Kafir 

12.  8 

Cotton 

15.  0 

Wheat,  continuous 

20.  8 

19.  4 

1  L.  S.  D.  from  wheat  grown  continuously,  at  the  5-percent  level  =  2.7  bu.  for 
field  A;  2.5  bu.  for  field  B. 

The  long-time  effect  of  the  different  crops  on  wheat  yields  was 
studied  through  5-year  moving  averages.  The  yield  of  wheat  after 
cowpeas,  which  were  harvested  for  hay,  compared  with  yields  follow- 
ing sorghums  was  relatively  better  in  the  later  years  of  the  experiment 
than  in  earlier  periods.  This  w^as  consistent  in  both  fields.  Wheat 
yields  on  cowpea  land  increased  in  comparison  with  those  on  cornland 
in  field  A,  but  to  a  lesser  extent  than  that  following  sorghums.  No 
such  trend  was  apparent  for  the  shorter  period  in  field  B.  Results 
indicate  that  cowpeas  harvested  for  hay  were  less  soil  depleting  than 
sorghums  and  perhaps  slightly  less  so  than  corn. 

Average  yields  of  corn  and  cowpeas  were  low,  and  cowpea  hay  is 
so  difficult  to  handle  that  the  acreage  of  these  crops  is  very  limited  in 
this  area.  Cowpeas  leave  the  soil  without  protection  against  blowing; 
therefore,  planting  them  in  large  fields  is  not  generally  recommended. 


WHEAT  FOLLOWING  MILO  IN  WIDE-SPACED  ROWS 

During  the  early  1930's  there  was  a  widespread  opinion  that  sor- 
ghum in  wide- spaced  rows  was  comparable  with  fallowed  land  as  a 
preparation  for  wheat.  The  occasional  rows  of  sorghum  were  ex- 
pected to  provide  some  grain  and  the  standing  stalks  to  provide  wind- 
erosion  control.  Experiments  using  rotations  with  two  types  of  sor- 
ghum in  16.5-foot  rows  followed  by  wheat  were  set  up  to  obtain 
information  regarding  this  matter. 
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There  was  also  a  belief  that  early-maturing  dwarf  sorghums  could 
be  planted  after  wheat  harvest  and  would  produce  some  grain  without 
injury  to  a  crop  of  wheat  sown  that  fall.  To  test  the  validity  of  this 
belief,  dwarf  sorghums  in  16.5-foot  rows  were  planted  as  soon  after 
wheat  harvest  as  the  land  could  be  prepared.  In  this  sequence  both 
a  wheat  crop  and  a  sorghum  crop  were  harvested  from  the  same  land 
each  year. 

Yields  of  wheat  and  sorghum  in  alternate  years  are  compared  with 
wheat  grown  on  fallowed  land  (table  12) ,  whereas  wheat  and  sorghum 
grow^n  in  the  same  year  are  compared  with  continuous  wheat. 

Table  12. — Yields  of  wheat  following  milo  in  16.6 -foot  rows  as  com- 
pared with  wheat  groion  continuously  or  alternately  with  falloio  at 
Woodward,  Okla.,  19S5-IS 


Crop  sequences 

Average  acre  yield  i 

Wheat 

:viiio 

Wheat  and  dwarf  yellow  milo,  alternate  years 

Wheat  and  combine  milo,  alternate  years 

Wheat  and  fallow,  alternate  years 

Bushels 
14.0 
17.3 
2  25.9 
18.  1 
17.  1 
20.6 

Bushels 

10.5 
6.  8 

Wheat  and  combine  milo,  the  same  year 

3.  8 

Wheat  and  Sooner  Milo,  the  same  year 

Continuous  wheat 

3.2 

^  L.  S.  D.  for  comparing  w^heat  yields  with  continuous  wheat  at  5-percent  level 
=2.9  bu. 
"  Average  of  a  group  of  f  allow^ed  plots. 

It  soon  became  evident  that  land  with  milo  in  16.5-foot  rows  did  not 
approach  fallow  as  a  method  of  preparation  for  growing  wheat.  The 
roots  of  milo  affected  the  moisture  content  of  the  soil  and  the  subse- 
quent growth  of  wheat  fully  6  feet  on  each  side  of  the  row.  In  many 
years  this  was  noticeable  in  the  early  growth  and  heading  of  the 
wheat.  In  some  years  it  was  observed  that  only  about  a  4-foot  strip 
midway  between  the  rows  headed  at  the  same  time  as  wheat  on  fal- 
lowed land.  The  reductions  in  wheat  yields  from  this  practice  below 
those  of  wlieat  on  fallow  were  greater  than  the  quantities  of  milo 
produced. 

Growing  milo  after  wheat  harvest  Avas  unsuccessful.  The  reduc- 
tion in  wheat  yields  below  those  under  continuous  cropping  were  not 
large,  but  in  most  years  the  milo  did  not  pay  for  the  harvesting.  The 
average  yields  of  between  3  and  4  bushels  to  the  acre  are  the  averages 
of  a  few  yields  of  slightly  more  than  10  bushels  to  the  acre  and  of  many 
exceedingly  low  yields  or  failures. 


Rotations  With  Sweetclover 

Two  rotations  with  sweetclover  were  started  in  field  B.     One  of 
these  was  sweetclover,  wheat,  wheat,  with  the  sweetclover  fall-seeded 
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on  land  tilled  soon  after  the  AAdieat  had  been  removed.  The  period 
beginning  with  1933  was  extremely  adverse  for  fall  establishment  and 
snmmer  snrvival  of  sweetclover.  Dnring  the  10  years  that  this  ex- 
periment was  in  progress  onty  one  crop  of  sweetclover  was  harvested, 
and  the  acre  yield  was  less  than  three-fonrths  ton.  Wheat  yields  in 
this  rotation  do  not  reflect  differences  caused  b}^  growing  sweetclover 
and  are  not  discussed. 

The  other  rotation  was  a  5-year  one  consisting  of  drill-seeded  sor- 
ghum, sweetclover,  sweetclover,  wheat,  wheat.  In  this  rotation  the 
sorghum  was  harvested  for  hay  and  the  stubble  left  as  a  protective 
cover  for  the  spring-seeded  sweetclover.  Despite  the  protective  cover 
left  for  sweetclover  seedlings,  only  two  light  yields  of  second-year 
sweetclover  were  obtained.  During  this  period  the  yield  of  wheat 
after  sweetclover  harvested  for  hay  was  approximately  the  same  as 
that  of  wheat  after  wheat. 

Rotations  Involving  Organic  Amendments 
legume  green-manure  crops 

Two-year  rotations  including  legume  green-manure  crops  afforded 
an  excellent  opportunity  to  study  green-manure  crops  plowed  under 
in  comjDarision  with  the  same  crops  harvested  for  hay  in  field  B.  Two 
of  the  green-manure  crops  used,  hairy  vetch  (fig.  6)  and  Austrian 
Winter  jDeas,  were  fall-planted  and  were  plowed  under  early  enough 
in  the  spring  to  store  a  quantit}^  of  water  comparable  with  that  on  fal- 
lowed land.  The  third  green-manure  crop,  cowpeas,  was  plowed  un- 
der much  later  in  the  season.     The  cowpeas  were  grown  in  cultivated 


'^'m^  *^- 


FiciUUE  0. — A  plot  uf  liairy  vetch  early  in  May  of  a  guu^l  crcjp  sea.sou. 
242793—53 4 
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rows.     There  was  often  some  residue  of  moisture  when  they  were 
ploATed  under. 

In  this  group  of  rotations,  the  wheat  yield  after  cowpeas  harvested 
for  hay  was  significantly  lower  than  any  other  treatment  in  this  group 
(table  13 ;  table  30,  Appendix) .  The  most  logical  explanation  for  this 
is  that  plots  where  crops  were  harvested  for  hay  usually  wxre  not 
cultivated  immediately  after  the  hay  was  removed,  and  some  second 
growth  often  resulted.  Cowpea  hay  was  usually  removed  in  August, 
and  between  that  time  and  wheat  seeding  time  moisture  lost  was  not 
restored.  Vetch  and  peas,  on  the  other  hand,  were  harvested  much 
earlier  in  the  season,  and  there  was  a  better  chance  for  rainfall  to 
restore  moisture. 

Table  13. — Average  yields  of  wheat  on  land  lohere  legume  crops  have 
heen  ploioed  under  and  on  falloio  and  yields  of  wheat  and  of  hay 
on  land  lohere  the  same  legume  crops  have  l)een  harvested  for  hay, 
field  B,  Woodtvard,  Okla.,  1933-48 


Acre  yields  of — 

Crop  and  cultural  practice 

Wheats  after 

legume  crop 

or  fallow 

Legume  hay 

Austrian  Winter  peas: 

Plowed  under  for  green  manure 

Bushels 
24.  7 
26.  1 

23.8 

24.  7 

24.  1 
19.  4 

25.  9 

Pounds 

Harvested  for  bay 

1,  382 

Hairy  vetch: 

Plowed  under  for  green  manure 

Harvested  for  hay 

2,  158 

Cowpeas : 

Plowed  under  for  green  manure 

Harvested  for  hay 

1 ,  742 

Fallow  (average  of  8  plots) 

^  Ij.  S.  D.  from  wheat  on  fallow  at  5-percent  level  =  2.9  bu. 

Slightly  higher  yields  of  wheat  were  obtained  after  vetch  and 
Austrian  Winter  peas  harvested  for  hay  than  after  the  same  crops 
plowed  under  for  green  manure.  The  fall  growth  of  wheat  on  the 
green-manured  land  was  usually  more  vigorous,  but  this  vigor  was 
not  reflected  in  the  final  grain  yield.  Average  yields  of  1,382  pounds 
per  acre  of  pea  hay  and  2,158  pounds  of  vetch  hay  were  harvested  in 
addition  to  about  equivalent  wheat  yields.  For  the  period  covered  by 
these  ex])eriments,  one  coukl  not  nii'ord  to  plow  under  a  legmne  cro]). 

Data  from  comparable  fallowed  land  are  not  available  for  a  close 
comparison,  but  the  average  yields  on  a  number  of  fallowed  rotations 
indicate  that  yields  from  green-manured  and  fallowed  land  are  about 
equal.  As  green  manuring  is  an  even  more  expensive  operation  than 
fallowing,  it  is  not  recommended — on  the  basis  of  Avheat  yields  alone — 
in  the  cropping  system  of  the  area. 


GREEN-MANURE  CROPS  AND  MANURED  AND  UNMANCJRED  FALLOW 

A  set  of  4-year  rotations  Avas  established  in  field  A  to  study  the 
comparative  effect  of  manure  and  of  green  manure  in  the  production 
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of  wheat  and  kafir.     Only  the  effect  on  the  wheat  is  discussed.     The 
rotations  w^ere  as  f ollow^s : 

Fallow,  wheat,  fallow,  kafir; 
Fallow,  wheat,  rye  green  manure,  kafir ; 
Fallow,  wheat,  cowpeas  green  manure,  kafir ; 
Fallow,  wheat,  manured  fallow,  kafir. 

In  this  particular  group  of  rotations  the  differential  treatment  pre- 
ceded the  kafir,  and  the  wheat  yields  represented  only  the  residual 
effects.  Average  acre  yields  of  wdieat  on  fallow  in  4:-year  rotations 
with  and  without  soil  amendments,  Woodward,  Okla.,  1915-48,  were 
as  follows : 

Averajre  wheat  yields 
Soil  amendment:  Bushels^ 

None - 18.  5 

Rye  green  manure  in  the  rotation 23. 1 

Cowpea  green  manure  in  the  rotation——.? 22.  8 

Manure  in  the  rotation 26.  6 

^  L.  S.  D.  from  no  soil  amendment  at  5-percent  level  ==2.5  bu. 

The  difference  between  the  unmanured  and  the  manured  fallow  is 
striking.  The  soil  in  the  unmanured  rotation  is  somewhat  lighter,  but 
the  fact  that  the  difference  was  not  primarily  clue  to  soil  type  is  shown 
in  the  moving  averages  in  figure  7.  The  spread  in  yields  has  increased 
with  the  years,  particularly  in  the  favorable  period  of  the  1940's. 


29        31        33       35 


37        39        41         43         45 


FiGUEE  7. — Five-year  moving  averages  of  wheat  yields  in  manured  and  unmanured 
rotations  including  fallow,  Woodward,  Okla.,  1915-48, 


Similar  trends  have  been  shown  in  comparing  the  unmanured  and  the 
green-manure  rotations,  but  the  spread  was  much  smaller. 

The  differences  in  yield  were  not  consistent,  but  varied  exceedingly 
with  season.     The  generalization  that  the  differences  in  yields  between 
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the  manured  and  unmaniired  rotations  were  greatest  in  years  of  high 
2:>roduction  and  least  in  years  of  low  production  is  generally  true,  but 
there  were  exceptions  (table  14).  In  1926  and  1912,  for  example, 
differences  caused  by  manuring  were  small,  yet  production  levels  were 
high.  On  the  other  hand,  there  were  cases  in  Avhich  the  difference  was 
above  average  in  years  of  below-average  production.  The  potential 
difference  in  annual  yield  was  higher  toward  the  end  of  the  experiment 
than  during  the  early  or  middle  periods.  The  average  difference  for 
the  period  was  8.1  bushels. 

Table  11. — Yields  of  wheat  and  differences  in  yields  in  manured  and 
unmanured  rotations^  field  A ^  Woodivard.  OJcIa.,  1915-1^8 


Acre  yield 

Year 

Acre  yield 

Year 

^Manured 
rotation 

No  ma- 
nure in 
rotation 

Differ- 
ence 

Manured 
rotation 

No  ma- 
nure in 
rotation 

Differ- 
ence 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

Bushels 
27.  7 

3.3 
13.  5 

8.3 
17.  1 
24.  7 
30.7 
36.2 
31.8 
20.  5 
26.0 
28.8 
15.  2 
30.8 
26.0 
28.5 
38.2 
32.2 

Bushels 
31.2 

1.8 
10.5 

9.2 
12.5 
12.  3 
27.2 
30.3 
14.  7 

9.  3 
17.5 
25.5 
12.  7 
22.  C 
11.7 
18.7 
24.  8 
19.  7 

Bushels 

-3.  5 

1.5 

3.0 

-.9 

4.  6 
12.  4 

3.5 

5.  9 
17.  1 
11.  2 

8.  5 

3.3 

2.5 

8.8 

14.  3 

9.8 

13.4 

12.5 

1933 

1934 

1935 

1936 

1937 

1938 

1939 

1940 

1941 

1942 

1943 

1944 

1945 

1946 

1947 

1948 

Average- 

Bushels 
13.  7 
16.3 
19.7 
23.3 
26.  0 
47.7 
26.2 
22.7 
46.  2 
26.  5 
28.8 
49.8 
32.0 
29.  3 
34.  2 
22.2 

Bushels 
13.  2 
21.0 
20.5 
17.5 
24.  0 
33.7 
16.7 
16.3 
26.  8 
26.0 
16.  5 
24.2 
19.  7 
18.2 
14.3 
10.2 

Bushels 

.  5 

-4.7 

-.8 

5.8 

2.  0 

14.  0 

9.5 

6.4 

19.  4 

.  5 

12.3 

25.6 

12.  3 

11.  1 
19.9 

12.  0 

26.6 

18.5 

8.  1 

MANURE  AND  STUBBLE  BURNING 

Manure  was  used  in  two  3-year  rotations  of  fallow,  wheat,  wheat 
in  field  B.  In  one  rotation,  manure  was  applied  to  the  land  being 
fallowed.  In  the  other,  manure  was  applied  as  a  winter  top  dressing 
to  the  wheat  on  fallowed  land.  Neither  of  these  rotations  differed 
significantly  from  similar  rotations  not  receiving  manure  during  the 
IG  years  that  the  experiment  was  in  progress.  This  held  true  for 
both  the  crop  on  fallowed  land  and  the  second  crop  after  fallow. 

On  one  rotation,  the  stubble  from  the  wheat  on  fallowed  land  was 
burned.  Yields  on  this  rotation  were  almost  identical  with  those  on 
the  manured  rotation,  both  for  the  crop  on  fallowed  land  and  for  the 
second  crop.  Tlie  plot  not  burned,  however,  maintained  enough 
residue  on  the  surface  to  resist  wind  erosion  (fig.  8) . 

On  the  more  fertile  soil  in  field  B,  a  16-year  period  did  not  appear 
long  enough  to  bring  about  measurable  changes,  either  through  the 
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FiGUivE  .s — ]  )ill(  1  (  IK  (  ^   ill   croi)  residues   on   one-wayed  plots   at   seeding   time: 
Left,  straw  burned  at  harvest ;  right,  not  burned. 

application  of  manure  every  third  year  or  through  the  destruction  of 
stubble  at  similar  intervals.  A  similar  lack  of  response  to  manure 
and  to  burning  stubble  on  land  continuously  cropped  to  wheat  Avas 
shoAvn  by  data  given  in  table  3. 

Effect  of  Nitrogen  and  Phosphorus  on  Wheat  Yields 

A  fertilizer  experiment  was  conducted  during  the  period  1933-39 
on  an  area  of  Pratt  loamy  fine  sand  (field  A)  that  had  suffered  more 
sheet  erosion  than  the  rest  of  the  field  and  was  in  a  relatively  low  state 
of  fertility.  The  experiment  included  3  replications  of  each  of  12 
treatments.  In  addition,  all  treatments  were  bordered  on  each  side 
by  unfertilized  ])\ots  that  gave  additional  precision  in  evaluating  the 
effect  of  the  various  fertilizers.  Individual  plot  yields  were  not  taken 
in  1933.  The  experiment  was  on  land  cropped  each  year  to  wheat 
and  prepared  by  good  cultural  methods.  Triple  superphosphate  (45 
percent  P2O5)  was  applied  in  the  row  in  the  fall,  muriate  of  potash 
was  applied  as  a  broadcast  application  in  the  fall,  and  sodium  nitrate 
was  broadcast  either  as  a  fall  or  spring  application.  Manure  was 
applied  as  a  top  dressing  in  the  spring.  The  results  were  positive  and 
clearcut  (table  15) .  Increases  in  yields  averaging  3.6  bushels  per  acre 
or  more  were  obtained  when  both  phosphorus  and  nitrogen  were 
applied. 

Both  nitrogen  and  phosphorus  when  applied  alone  produced  in- 
creases in  yield,  but  the  increases  were  generally  less  than  half  as 
great  as  where  both  were  applied.  Potassium  and  manure  when  ap- 
plied alone  did  not  increase  yields  significantly. 

In  1  year  (1938)  in  the  6  covered  by  these  data  the  better  treat- 
ments increased  yields  by  about  10  bushels  to  the  acre,  in  2  years 
(1936,  1939)  the  margin  was  5  to  10  bushels,  in  2  (1934,  1935)  the 
increase  was  less  than  5  bushels,  and  in  1  (1937)  the  application  of 
fertilizer  resulted  in  a  reduction  in  yield. 

The  largest  average  increase  from  any  fertilizer  treatment,  4.5 
bushels  to  the  acre,  was  unprofitable  at  the  prices  for  fertilizer  and 
wheat  prevailing  during  the  1934-39  period. 
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The  precipitation  for  the  period  covered  by  these  experiments  was 
somewliat  below  average,  but  this  period  covered  a  fairly  representa- 
tive range  of  variations  for  Woodward  (table  22,  Appendix) .  There- 
fore, continued  testing  of  these  fertilizer  treatments  over  a  longer 
period  shoidd  not  change  these  relationships  materiall}^  However, 
costs  of  fertilizer  and  prices  of  Avheat  are  subject  to  change,  which 
could  make  the  fertilization  of  wheat  on  this  soil  a  profitable  practice. 

The  protein  content  of  the  wheat  was  determined  in  3  of  the  years. 
It  was  found  that  nitrogen  applications  increased  the  protein  con- 
tent of  wheat  almost  directly  proportional  to  the  quantit}^  of  nitrogen 
applied.  The  extremes  were  li.9  percent  protein  with  24:  pounds  of 
nitrogen  and  13.2  percent  without  nitrogen.  This  increase  would  be 
of  little  value  except  in  years  when  a  premium  is  paid  for  high-protein 
wheat. 

In  1911  an  experiment  was  begun  in  field  B  to  determine  if  there 
was  a  response  to  either  nitrogen  or  phosphorus  on  a  soil  more  fertile 
than  the  Pratt  loamy  fine  sandy  soil  of  field  A.  The  experiment  was 
conducted  both  on  continuously  cropped  and  on  fallowed  land.  The 
purpose  of  the  test  on  fallowed  land  was  to  find  out  if  a  higher  level 
of  fertility  would  permit  wheat  on  fallowed  land  to  make  more  effi- 
cient use  of  its  favorable  water  supply.  There  was  no  replication 
except  of  check  plots ;  the  intention  being  to  determine  first  whether 
there  was  a  response  to  fertilizer  or  not  and  then  to  conduct  a  critical 
experiment  if  results  seemed  to  warrant  it. 

Results  from  the  first  6  years  of  the  experiment  (1911-46)  showed 
only  moderate  response  of  the  wheat  to  fertilizer  (table  16) .  The  most 
favorable  yield  increase,  averaging  2.4  bushels  per  acre,  was  obtained 
with  the  addition  of  both  nitrogen  and  phosphorus  to  continuously 
cropped  land.  There  was  only  1  year  (1911)  of  the  6  when  the  fer- 
tilizer treatments  as  a  whole  would  have  been  profitable.  By  con- 
trast, large  increases  from  fertilizers  were  realized  in  the  1917  sea- 
son. Increases  of  approximately  20  bushels  to  the  acre  were  obtained 
on  fallowed  land  from  nitrogen  alone  or  in  combination  with  phos- 
phorus and  on  cropped  land  when  both  nitrogen  and  phosphorus 
were  applied.  Fertilization  of  wheat  in  191T  was  highly  profitable. 
A  similar  response,  but  to  a  lesser  degree,  was  realized  in  the  1919 
season. 

On  continitously  cropped  land  wheat  receiving  both  nitrogen  and 
phosphorus  produced  a  9-year  average  increase  of  7.2  bushels  to 
the  acre.  This  is  a  profitable  increase.  However,  about  TO  percent 
of  this  increase  was  in  the  two  j^ears  1917  and  1919.  Mtrogen  applied 
at  the  same  rate  and  time  but  without  phosphorus  produced  an 
average  increase  in  yield  of  only  0.9  bushel  per  acre.  On  fallowed 
land  the  yield  increase  from  nitrogen  without  phosphorus  was  higher 
than  that  for  the  combination  of  the  two  plant  nutrients.  The  prac- 
tice of  alternately  fallowing  and  cropping  land  to  wheat  has  not  been 
profitable  at  Woodward,  and  there  is  no  indication  that  the  application 
of  fertilizer  will  alter  this  relationship  appreciably. 

Yields  of  both  fertilized  and  tinfertilized  wheat  were  inflttenced 
by  the  quantity  of  precipitation  and  its  distribution.  Both  of  the 
years  when  high  response  to  fertilizer  was  obtained  had  above-average 
fall  precipitation,  adequate  but  not  excessive  winter  precipitation, 
high  rainfall  during  the  fruiting  period,  and  more-than-average 
May  rainfall. 
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Table  16. — Increases  in  iclieat  yields  from  fertilized  plots  over  adja- 
cent checks  and  a  comparison  heticeen  responses  on  continuously 
cropped  and  on  falloiced  land  {field  B),  Woodward,  OMa.,  19^-Ii9 


Year 


Yield  increases  per  acre  over 
adjacent  checks  on — 


Continuously 
cropped  land. 


Fallowed  land. 


Xitro-    I 

gen  1     j 

and      ! 

phos-    ! 

phorus  - 


Xitro- 


Xitro- 

gen  1 

and 

phos- 

phoius  - 


Nitro- 
gen 1 


1941. 
1942. 
1943. 
1944. 
1945. 
1946. 
1947. 
1948. 
1949. 


3 

-2.5 
1.  6 
3.5 
3.6 
4.  5 

22.  9 
5.3 

22.  2 


6  ^      -2.  7 


Bushels     Bushels     Bushels  \  Bushels 


-1. 

2 

4 

1. 

5 

— . 

3 

1. 

5 

7. 

9 

-L 

4 

2. 

8 

1.  0 
-2.  7 
-1.  0 

6.  3 

2.  3 
-6.  3 

19.4 

2.0 

13.  0 


0 

-4.  0 

4.  0 
8.0 
6.  0 

-2.  0 
22.  0 

5.  3 
5.  3 


6-year  average  increase,  1941-46 

9-3'ear  average  increase,  1941-49 

Average  yield  for  treatment  194 1-49 _ 


2.  4 

7.2 

27.  6 


-.  2   I 

.9  I 
21.  5  ' 


-.  1 
3.  8 

27.  7 


2.0 
5.  0 

28.  9 


1  Nitrogen  was  applied  at  the  rate  of  10  pounds  to  the  acre  in  the  fall  and  20 
pounds  in  the  spring. 

2  Phosphorus  was  applied  at  the  rate  of  67} 2  pounds  of  P2O5  to  the  acre  in  the 
fall. 

Two  treatments  involving  higli  rates  of  nitrogen  application  in  the 
fall  and  spring  were  begun  in  194:4:  and  1945.  The  high  rate  of  nitro- 
gen (100  pounds  per  acre)  produced  yields  greater  than  those  from 
30  pounds  of  nitrogen  alone,  but  far  lower  than  that  obtained  from 
oO  pounds  of  nitrogen  in  combination  with  phosphorus.  The  best 
average  increase  for  the  high  rate  of  nitrogen  was  from  the  fall 
application. 

Eesults  from  this  experiment  indicate  that  increases  from  the 
iiitrogen-phosphorus  treatment  may  be  high  enough  to  be  profitable. 
This  profitable  average  increase,  however,  has  resulted  from  large 
increases  in  a  few  years,  rather  than  from  regular  moderate  increases. 


Relationship  of  Wheat  Yields  to  Climatic  Factors 

In  dry-land  areas  most  of  tlie  annual  variations  in  yields  are  known 
to  be  caused  by  weather  and  have  generally  been  ascribed  to  the 
amount  of  precipitation.  At  this  station  measurement  of  precipita- 
tion adjacent  to  the  experimental  field  gives  an  unusual  opportunity 
of  determining  the  effect  both  of  annual  precipitation  and  that  for 
shorter  periods  on  tlie  yields  of  wheat.    Since  a  wlieat  crop  at  Wood- 
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ward  approaches  maturity  about  June  1,  the  following  relationships 
are  based  on  crop-year  precipitation,  that  is,  June  1  of  one  year 
to  May  31  of  the  following  year. 

At  Woodward  the  crop-year  precipitation  has  ranged  from  14.40 
inches  in  1948  to  36.05  inches  in  1924.  The  average  is  23.76  inches. 
The  correlation  coefficient  between  crop -year  precipitation  and  yields 
of  wheat  is  0.491  (table  17) .  This  value  is  significant  at  the  5-percent 
level,  but  not  nearly  so  high  as  might  be  expected.  That  high  annual 
pi'ecipitation  is  necessary  for  favorable  wheat  yields  is  brought  out 
by  the  fact  that  in  only  3  years  have  above-average  yields  been  pro- 
duced with  below-average  rainfall ;  and  in  2  of  these  years  the  precipi- 
tation was  only  slightly  below  average.  Evidently  a  quantity  of 
precipitLtion  that  approaches  average  is  needed  to  produce  average 
wlieat  yields,  but  there  are  other  factors  that  limit  the  effectiveness 
of  total  rainfall. 


Table  17. — Correlation  coefjicients  of  crop-year  rainfall  and  yields  of 
lointer  wheats  Woodtoard,  Okla.^  191o-IjS 


Month  or  period 

Correlation 
coefficient  ^ 

]\Ionth  or  period 

Correlation 
coefficient  ^ 

June 

July 

August 

September 

October 

November 

December 

January 

-0.  296 
.211 
-.  117 
.  064 
.  113 
.  105 
.186 
.  123 

February 

March 

April 

May 

September-November,  _ 

March- April 

February- April 

x^nnual,  June  to  May 

0.343 
.402 
.503 
.100 
.  150 
.  593 
.612 
.491 

1  Value  required  for  significance  at  5-percent  level  =  0.423:  at  1-percent  level  = 
0.537. 

Distribution  of  rainfall  is  one  of  the  most  obvious  factors  and  one 
that  can  be  readily  studied.  It  has  been  well  established  that  monthly 
precipitation  varies  widely  and  that  periods  of  drought  occur  fre- 
quently. In  14  of  the  years  under  study  there  have  been  periods 
as  long  as  3  months  in  which  the  total  rainfall  has  been  less  than 
1.0  inch.  Most,  but  not  all,  of  these  extremely  dry  periods  have 
occurred  during  the  winter  months.  The  majority  of  them  have 
been  in  years  with  below-average  precipitation.  A  study  of  annual 
yields  and  precipitation  indicates  that,  while  there  is  a  tendency 
for  yields  and  annual  precipitation  to  be  correlated,  there  are  enough 
reversals  to  make  it  evident  that  some  other  factor,  or  factors,  is 
responsible  in  determining  final  yields. 

Wheat  occupies  the  land  much  longer  than  other  annual  crops. 
Therefore,  it  was  thought  that  correlations  between  monthly  precipita- 
tion during  the  period  of  seedbed  preparation  and  through  the 
growing  season  might  give  some  information  on  the  time  of  the 
year  when  rainfall  was  most  likel}'  to  be  critical  (table  17). 

The  most  important  fact  brouglit  out  by  these  correlations  is  that 
the  rainfall  in  only  one  month,  April,  was  significantly  correlated 
with  yield.     The  correlation  coefficient  Avas  slightly  higher  than  that 
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for  the  crop  year  as  a  whole.  This  relationship  was  improved  where 
the  rainfall  in  the  months  of  February  and  March  Avas  also  included. 
There  is  evidence  that  the  total  rainfall  during  the  3-month  period, 
February  through  April,  is  extremely  critical  in  determining  the 
magnitude  of  wheat  yield.  In  34  years  there  was  only  one  yield 
that  was  5  bushels  above  average  when  February-through-April 
precipitation  was  below  average.  The  above-normal  winter  precipita- 
tion during  that  year  partlj^  explains  this  exception.  A  severe  rust 
infestation  accounts  in  part  for  a  second  exception  in  which  yields 
were  low  even  though  precipitation  during  February,  March,  and 
April  was  high. 

The  most  obvious  reason  for  dependence  of  wheat  on  the  rainfall  in 
February,  March,  and  April  is  that  adequate  rainfall  in  the  3  months 
terminates  the  winter  drought  period  and  gives  the  crop  a  chance 
to  start  rapid  growth  under  favorable  conditions.  Average  precipi- 
tation for  February  and  March  is  much  lower  than  for  April,  and 
onl}^  April  is  likely  to  have  rainfall  enough  to  carry  the  crop  well 
along  toward  maturity.  Furthermore,  a  direct  relationship  exists 
between  the  level  of  correlation  and  the  relative  amount  of  rainfall 
in  the  3  months.  The  reason  for  the  low  correlation  coefficient  be- 
tween May  rainfall  and  wheat  yield  is  probably  that  by  early  May 
the  crop  either  has  enough  Avater  to  carry  it  well  along  toward 
maturity  or  has  suffered  so  badly  that  above-average  rainfall  in  May 
is  unable  to  produce  a  good  yield. 

Another  equally  striking  feature  Avas  the  lack  of  correlation  be- 
tween summer  and  fall  precipitation  and  AA'heat  yields.  It  has  been 
generally  accepted  that  adequate  fall  soil  moisture  is  the  best  insurance 
of  a  crop  the  next  year.  Yet  correlation  coefficients  between  fall 
rainfall  and  yields  are  far  beloAv  the  level  of  significance.  This 
can  mean  only  that  fall  rainfall  alone  is  not  capable  of  producing 
a  crop  under  the  conditions  at  WoodAvard. 

Additional  information  on  the  effect  of  rainfall  on  yield  Avas 
obtained  by  separating  the  yields  of  early-prepared  plots  into  two 
groups — one  for  years  Avhen  wheat  yields  were  beloAv  aA^erage  and  the 
other  for  years  Avhen  yields  were  average  or  above  (fig.  9).  The 
greatest  difference  between  the  high  and  Ioav  yield  groups  Avas  in 
the  April  rainfall.  Important  differences  Avere  also  evident  in  the 
amount  of  rainfall  in  other  spring  months.  Another  difference  occurs 
in  September  and  October.  Evidently,  high  rainfall  in  September 
and  October,  Avhich  provides  adequate  soil  moisture  at  seeding  time, 
is  necessary  for  high  yields,  A^et  favorable  fall  soil  moisture  alone  is 
not  sufficient  to  carry  a  crop  to  maturity. 

Correlations  betAveen  relative  humidity  and  Avheat  yields  and 
betAveen  evaporation  and  Avheat  yields  Avere  also  made.  Observations 
of  these  climatic  factors  are  for  the  6  spring  and  summer  months 
only,  so  the  only  correlations  possible  during  the  ])eriod  Avhen  they 
Avould  liave  affected  Avheat  yields  Avere  for  April,  May,  and  the  first 
part  of  June.  Correhitions  for  single  months  and  for  combinations 
of  months  Avere  loAver  than  those  for  April  or  for  February-to-April 
precipitation.  Relative  humidity  Avas  more  closely  associated  with 
yield  than  Avas  evaporation;  but  no  correlation  for  a  single  month 
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YEARS  WHEN  YIELDS  WERE  AVERAGE  OR  ABOVE 
YEARS  WHEN  YIELDS  WERE  BELOW  AVERAGE 


JUNE  JULY     AUG.   SEPT     OCT.     NOV.     DEC.      JAN.     FEB     MAR.    APR      MAY 


FiGUEE  9. — Average  precipitation  by  months  in  years  wlien  wlieat  yields  were 
below  average  and  in  years  when  yields  were  average  or  above,  Woodward, 
Okla.,  1915^8. 

was  significant,  and  the  combination  of  May  and  June  was  barely 
significant  at  the  5-percent  leveL 

Wheat  Yields  as  Related  to  Soil  Moisture 

Since  moisture  is  known  to  be  one  of  the  chief  controlling  factors 
in  crop  production,  studies  of  the  water  content  of  the  soil  under 
different  methods  of  cultivation  have  been  made  at  intervals  during 
the  cropping  season  for  many  years.  In  addition,  determinations 
of  water  content  at  harvest  and  seeding  have  been  made  on  a  large 
number  of  cultural  treatments. 


STORAGE  OF  WATER  IN  THE  SOIL  BETWEEN  HAR\'EST  AND  SEEDING 

Determinations  of  the  change  in  water  content  of  the  soil  betsveen 
harvest  and  seeding  were  made  for  a  3-year  period  on  a  group  of 
14  plots  in  field  B.  This  group  involved  8  early-cultivated,  3  mid- 
season-cultivated,  and  3  late-cultivated  plots.  During  this  period  the 
earlj^-prepared  plots  gained  an  average  of  2.53  inches  of  water,  the 
midseason-prepared  gained  0.74  inch,  and  the  late-prepared  lost  0.52 
inch.  Differences  in  moisture  storage  of  soils  prepared  with  different 
tillage  implements  on  the  same  date  were  not  significant. 

Moisture  determinations  were  made  for  5  years  on  the  plots  in  the 
frequency-of-cultivation  experiment.  The  average  increase  in  the 
moisture  content  of  the  soil  from  different  treatments  between  har- 
vest and  seeding  w^as  influenced  appreciably  by  the  number,  of  culti- 
vations during  this  period  (table  18). 

Cultivating  at  intervals  of  2  Aveeks  was  not  so  effective  in  storing 
moisture  as  cultivating  at  monthly  intervals.  Lengthening  the  time 
between  cultivations  to  6  w^eeks  reduced  moisture  storage  much  below 
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the  level  attained  by  monthly  cultivations.    Moisture  storage  in  un- 
cultivated land  was  extremely  low. 

Table  18. — Average  quantity  of  loater  stored  hetioeen  harvest  ayicl 
seeding  on  land  one-wayed  hnmediately  after  harvest  and  cultivated 
at  different  frequencies.  Woodward.  Okla..  lOIfl-J^o 


Frequency  of  cultivation 


Water  stored 

between 

harvest  and 

seeding 


Percentage 

of  total 

precipitation 

stored  during 

period 


At  2-week  intervals 

At  monthh'  intervals 

Once,  about  mid-August 

Xo   cultivation  between  one-waving  and  prepara- 
tion for  seeding 


Inches 
L71 
L88 
LOS 

.63 


24  6 
27.  1 

14.  8 

9.  1 


Even  under  the  best  method  of  cultivation,  only  a  small  percentage 
of  the  precipitation  is  stored.  The  highest  quantity  stored  was  only 
a  little  more  than  one-fourth  of  the  precipitation  for  the  period.  The 
rest  was  lost  chiefly  by  evaporation.  This  loss  has  not  been  reduced 
materially  by  any  method  of  cultivation.  Losses  under  less  frequent 
cultivation  were  caused  by  weeds  using  the  moisture  as  well  as  from 
evaporation.  This  additional  loss  by  weeds  can  be  controlled,  and  it 
must  be  to  take  full  advantage  of  moisture  resources. 


SOIL-MOISTURE  CONTENT  AT  THE  TIME  OF  SEEDING  WHEAT 

The  effect  of  the  water  content  of  the  soil  at  seeding  time  is  of  prime 
interest.  Yields  are  affected  by  practices  such  as  early  tillage,  late 
tillage,  and  summer  fallow.  The  question  arises  as  to  how  much  of 
this  difference  is  caused  by  the  tillage  practice  itself  and  how  much 
can  be  assigned  to  differences  in  water  storage  as  an  indirect  result 
of  the  various  tillage  practices.  There  is  also  the  question  of  the  extent 
to  which  the  moisture  content  of  the  soil  in  the  fall  determines  the 
final  yield. 

Correlations  between  available  moisture  in  the  soil  at  seeding  time 
and  the  yield  of  grain  on  early-prepared  land  were  computed  from 
data  from  each  field.  Correlation  coefficients  were  far  below  the  level 
needed  for  significance.  There  was  no  evidence  from  soil  moisture  and 
yield  data  from  plots  receiving  a  given  tillage  practice  over  a  number 
of  years  that  the  quantity  of  water  in  the  soil  at  seeding  time  was  the 
determinant  of  final  yields. 

Between  var3dng  contents  of  moisture  in  the  soil  the  same  year  a 
different  condition  prevailed.  Data  from  annual  and  average  avail- 
able moisture  content  at  seeding  time  and  yields  for  wheat  (field  B) 
and  rye  (field  A)  under  three  widely  varied  soil  preparations  were 
obtained  (tables  19  and  20).     Kesults  in  field  A  are  for  winter  rye, 
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as  the  soil  in  the  winter  rye  plots  was  more  uniform  than  in  the  winter 
wheat  plots  and,  therefore,  permitted  more  accurate  moisture  deter- 
minations. The  available  water  content  was  determined  by  subtract- 
ing the  moisture  content  of  the  soil  when  dry  to  a  growing  crop  from 
the  actual  water  content  as  determined  by  soil-moisture  sampling. 
The  water  content  of  the  soil  when  dry  to  crops  was  the  average  of 
many  determinations  made  when  the  crops  were  suffering  for  water. 

Table  19. — Annual  available  water  content  of  the  soil  at  seeding  time 
under  3  cultural  practices  and  yields  of  loheat  ^  on  field  B,  Wood- 
tvard,  OUa.,  1931^-^8 


Year  - 

Available  water  at  seeding 
time  on — 

Acre  yield  of  wheat  on — 

Fallowed 
land 

Early- 
prepared 
land 

Late- 
prepared 
land 

Fallowed 
land 

Early- 
prepared 
land 

Late- 
prepared 
land 

1934    _    _    - 

Inches 

3  3.89 

3  3.  57 

3  3.83 

5.74 

4.47 

5.09 

2.  13 

3.03 

6.  32 

6.68 

4.64 

5.35 

4.  73 

5.  18 
2.73 

Inches 
3  1.78 
3  2.  84 
3  2.  13 

1.  65 
2.32 
3.  59 
1.89 
1.44 
6.  30 
4.08 
3.  14 

2.  67 

3.  12 
2.  19 
3.85 

Inches 
3  0.21 

3.21 

3  2.00 

1.  65 

1.25 

.28 

.  11 

.28 

4.  51 

3.52 

.30 

0 

.65 

1.25 

.06 

Bushels 
18.2 
10.7 
19.  5 
21.8 
41.3 
18.  8 
10.  5 
41.5 
31.  2 
23.5 
44.0 
29.5 
26.0 
20.8 
18.2 

Bushels 

8.0 

6.3 

13.  0 

5.7 

37.2 

13.  0 

4.8 

37.3 

23.  5 

14.2 

29.7 

24.8 

16.2 

24.7 

18.8 

Bushels 
2.  8 

1935 

4.  8 

1936 

10.  5 

1937          --   -          

2.3 

1938 

30.  2 

1939 

7.  7 

1940            -   - 

.  7 

1941 

1942 

38.7 
23.  0 

1943                           -    - 

15.  8 

1944__        _    ___    __    _ 

19.7 

1945 

17.  0 

1946 

10.  7 

1947   -      -        __    _    _ 

20.  5 

1948 

10.  0 

Average 

4.49 

2.87 

1.09 

25.2 

18.  5 

14.3 

1  Correlation  coefficients  between  available  water — 

In  earlj-'-prepared  land  and  yield 0.  069 

In  early-and-late  preparation  and  yield .512 

In  early-prepared  land  and  fallow  yield .  346 

In  late-prepared  land  and  fallow  yield .  409 

Value  required  for  significance: 

At  5-percent  level .482 

At  1-percent  level .  606 

2  The  year  indicates  the  year  in  which  the  wheat  crop  was  harvested. 

3  3-foot  totals.     The  rest  of  the  totals  are  for  4  feet,  and  that  depth  usually 
covered  the  full  depth  of  moisture  penetration. 
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Table  20. — Annual  available  icater  content  of  the  soil  at  seeding  time 
under  3  cidtnral  practices  and  yields  of  rye}  field  A,  Woodivard, 
Okla.,  1921-Jf6 


Available  water  at  seeding 
time  on — 


Acre  yield  of  rve  on- 


Year  2 

Fallowed 
land 

1    Early- 
prepared 
land 

Late- 

Iprepared 

land 

1 

Fallowed 
land 

Early- 
prepared 
land 

Late- 
prepared 
land 

1921 

\    Inches 
;        4.53 
!       4.81 
4.99 
5.09 
i       5.63 

4.  39 
6.  15 

5.  12 
5.44 
5.54 
4.82 
4.79 
4.53 

4.  56 
4.49 
4.69 

5.  80 
4.  36 
3.  55 

2.  97 

3.  95 
5.65 
5.03 
3.70 

4.  92 
4.  77 

Inches 
3.63 
4.62 
3.01 
5.24 
4.  73 

1.  94 
6.04 
4.23 

3.  12 
4.86 
4.36 

2.  37 

4.  51 
1.72 
2.32 
2.45 

3.  16 

2.  19 
3.29 

.82 
1.  18 

5.  97 
3.65 
1.50 

3.  70 
3.25 

Inches 
2.06 

.27 
0 

5.07 
2.45 

.  45 
4.94 
2.23 

.49 
1.83 

.94 

.39 

.  62 
0 

.04 

.58 
2.06 
1.34 

.04 
0 
0 

2.47 
1.76 
0 
0 

.  47 

Bushels 

19.  1 
25.  2 
18.9 

7.9 

12.  1 

21.  3 
12.0 
16.3 
10.9 
16.3 
16.3 
19.3 

6.  1 
13.6 
14.3 
14.  1 

20.  7 
30.4 
12.0 
14.8 
27.  3 
14.  3 
13.8 

22.  0 
14.3 

13.  8 

Bushels 
20.7 
19.3 
16.3 
8.8 
9.  1 
13.0 

12.  9 
12.0 

8.6 

13.  6 

14.  5 
12.9 

6.3 

7.  9 

8.9 

10.9 

12.3 

23.  6 

8.0 

7.7 

22.  7 

11.  6 

15.5 

14.  5 

10.9 

10.  9 

Bushels 
10.  9 

1922        -_ --    -- 

7.  9 

1923_-_    - 

8.  4 

1924 

1925          -    

8.4 
3.0 

1926        --_    

8.  6 

1927 

1928        -      -        ---    -- 

4.5 
3.  2 

1929        

3.8 

1930 

3.  9 

1931 

5.  9 

1932          _______ 

6.  4 

1933 

0 

1934 

1935                       _    _- 

3.4 
2.  0 

1936 

1937___      -   __ 

7.9 
6.  4 

1938 

18.  9 

1939              _       

5.  2 

1940      _ 

4.  5 

1941 

1942 

16.6 
6.  3 

1943      

6.  4 

1944 

8.  2 

1945 

1946 

5.5 
4.5 

Average 

4.78 

3.38 

1.  17 

16.4 

12.8 

6.  6 

1  Correlation  coefficients  between  available  water — ■ 

In  early-prepared  land  and  yield 0.  246 

In  early-  and  late-prepared  land  and  yield .  379 

In  early-prepared  land  and  fallow  and  yield .  647 

In  late-prepared  land  and  fallow  and  yield .  494 

Value  required  for  significance: 

At  5-percent  level .  374 

At  1-percent  level .  478 

2  The  year  indicates  the  year  in  which  the  rye  crop  was  harvested. 

The  dependence  of  the  size  of  the  yield  on  the  water  content  at  seed- 
ing is  bronght  out  b}'  individual  comparisons.  In  118  of  123  possible 
comparisons,  the  soil  Avith  the  hioher  water  content  at  seeding  time 
produced  the  higher  yield.  Differences  were  not  always  proportional 
to  differences  in  water  content,  but  conservation  of  Avater  during  the 
period  before  seeding  usually  resulted  in  more  bushels  of  grain.  On 
the  average,  during  the  15  years  that  determinations  Avere  made  on  nelcl 
B,  a  difference  of  an  inch  of  stored  water  produced  a  difference  of 
about  2.3  bushels  of  grain.     During  the  26-year  period  that  determina- 
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tions  were  made  on  field  A,  a  difference  of  an  inch  in  stored  water 
accounted  for  a  difference  of  about  2.7  bushels  of  grain. 

Correlations  between  differences  in  water  storage  in  early-  and  on 
late-prejDared  land  and  differences  in  yields  were  significant  on  both 
fields.  Correlations  between  differences  in  moisture  content  and  dif- 
ferences in  yield  on  fallowed  land  and  early-prepared  land  were  highly- 
significant  for  the  26-year  period  in  field  A,  but  they  fell  below  sig- 
nificance for  the  shorter  period  in  field  B.  The  correlations  between 
fallowed  land  and  early-prepared  land  in  field  A  were  by  far  the  high- 
est obtained  and  appeared  to  substantiate  the  opinion  that  yield  dif- 
ferences between  these  two  preparations  were  caused  chiefly  by 
differences  in  quantities  of  water  stored  at  seeding  time. 

SOIL-MOISTURE  FLUCTUATIONS  DURING  THE  GROWING  SEASON 

Soil-moisture  samples  were  taken  at  intervals  during  the  growth  of 
the  crops  for  many  years  on  field  A  and  for  a  much  shorter  period  on 
field  B.  These  samples,  particularly  those  taken  in  March  or  April, 
show  why  spring  precipitation  is  so  critical  to  wheat.  In  many  years 
the  available  moisture  content  of  the  soil  approached  or  reached  de- 
pletion during  early  spring.  There  was  usually  some  available  water 
in  the  lower  depths  on  early-prepared  or  on  fallowed  land,  when  the 
content  of  the  late-prepared  plots  approached  depletion.  This  en- 
abled the  crops  on  these  plots  to  survive  without  damage  for  a  longer 
period  and  to  be  in  better  condition  to  take  advantage  of  more  favor- 
able conditions  if  they  occurred  later.  The  low  water  content  in  the 
spring  furnishes  a  reasonable  explanation  of  why  rainfall  for  the  early 
spring  months  is  frequently  so  vital  in  crop  production. 

Soil  Nitrogen  and  Carbon  Changes  as  Related  to  Cropping^ 

The  plots  in  fields  A  and  B  were  not  sampled  for  nitrogen  and  carbon 
when  the  experiments  were  started.  Certain  groups  of  plots,  however, 
were  sampled  when  the  experiments  were  terminated.  It  was  recog- 
nized that  the  reduction  from  the  original  level  could  not  be  deter- 
mined accurately,  but  it  was  thought  that  if  major  differences  had 
resulted  from  different  tillage  methods  or  crop  sequences  they  should 
be  revealed  by  the  present  levels  of  nitrogen  and  carbon. 

The  continuous  and  alternate  cropping  systems  of  wheat  and  rye 
in  field  A  offered  the  best  comparisons.  The  plots  were  located  side 
by  side,  and  the  different  treatments  were  intermingled.  The  results 
appear  to  be  clear-cut  and  decisive  (table  21).  The  late-tilled  plots 
were  highest  in  nitrogen  and  carbon,  the  early-tilled  plots  were  inter- 
mediate, and  the  alternately  fallowed  and  cropped  plots  were  lowest. 
That  this  difference  was  not  caused  by  location  was  further  brought 
out  by  individual  comparisons.  Every  late-tilled  plot  was  higher  in 
nitrogen  and  carbon  than  any  early-tilled  plot.  Every  alternatel}" 
fallowed  and  cropped  plot  was  materially  lower  in  nitrogen  and  car- 
bon than  the  adjoining  early-tilled  plot.  Thus,  the  higher  yields  on 
early  over  late  tillage  have  not  been  obtained  without  a  greater  loss  of 
soil  nitrogen.     The  greater  loss  of  nitrogen  and  carbon  on  alternately 

"  These  analyses  were  made  by  H.  V.  Eck,  agronomist,  at  Stillwater,  Okla. 
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fallowed  and  cropped  land  further  emphasizes  the  lack  of  value  of 
this  practice. 

Table  21. — Effect  of  cultural  "practices  on  the  nitrogen  and  carbon 
content  of  the  soil^  fields  A  and  B^  Woodward^  OMa.^  19S3-li,8 


Field  and  cultural  practice 


Nitrogen  and  carbon  content  at- 


0  to  6  inches 


6  to  12  inches 


Field  A 

Wheat  or  rye,  continuous : 

Late-tilled 

Early-tilled 

Alternately     cropped     and 
fallowed 


Number 
4 


Percent 

Percent 

Percent 

0.057 

0.61 

0.053 

.041 

.42 

.047 

Field  B 
Rotations : 

Vetch  for  hay;  wheat 

Vetch    for    green    manure; 
wheat 

Austrian    Winter   peas   for 
hay; wheat 

Austrian    Winter   peas    for 
green  manure;  wheat 

Cowpeas  for  hay;  wheat 

Cowpeas  for  green  manure; 
wheat 

Wheat — continuous,   early- 
tilled 


030 


30 


035 


Percent 
0.54 
.49 

.35 


.047 

.48  i 

.  058 

.57 

.  056 

.  56  1 

.  057 

.  52 

.052 

.48  1 

[ 

.050 

.  51 

.  052 
.047 

.51 
.47 

.  052 
.  055 

.48 
.53 

.044 

.49 

.  047 

.52 

.053 

.56 

.057 

.58 

The  rotations  in  field  B,  where  legume  crops  were  either  plowed 
under  for  green  manure  or  harvested  for  hay,  in  comparison  with  land 
continuously  cropped  to  wheat  appeared  to  offer  the  greatest  oppor- 
tunit}^  for  differences  in  nitrogen  and  carbon  to  develop.  The  average 
dry  hay  yields  for  Austrian  Winter  peas  were  1.382  pounds;  for 
hairy  vetch,  2,158  pounds;  and  for  cowpeas,  1,742  pounds.  It  was 
thought  that  plowing  under  the  quantities  of  green  matter  every  other 
3^ear  represented  by  these  hay  yields  would  result  in  very  evident 
differences  in  the  content  of  soil  nitrogen  and  carbon. 

Results  were  disappointing.  Only  the  vetch  showed  any  benefit 
from  plowing  under  the  green-manure  crop  rather  than  harvesting  it. 
The  legume-rotation  plots  as  a  whole  were  slightly  lower  in  nitrogen 
and  carbon  than  the  continuously  cropped  early-tilled  wheat  plots. 
Since  plowing  under  of  the  quantities  of  green  matter  grown  in  these 
rotations  has  resulted  in  little  benefit,  there  seems  to  be  no  great  pos- 
sibility of  soil  improvement  through  annual  legumes.  It  seems  worthy 
of  mention,  however,  that  after  the  field  was  returned  to  grass,  the 
grass  following  vetch  and  Austrian  Winter  peas  plowed  under  was 
for  several  j-ears  noticeably  greener  than  on  other  plots. 
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DISCUSSION 

Wheat  has  been  a  dependable  crop  at  the  Southern  Great  Phiins 
Field  Station.  Complete  failures  have  been  rare,  and  yields  of  less 
than  10  bushels  to  the  acre  under  good  cultural  practices  are  the 
exception.  JSTevertheless,  in  most  years  the  crop  suffers  some  reduction 
in  yield  from  drought ;  therefore,  moisture  conservation  is  the  most 
important  consideration  in  wheat  production. 

Xo  implement  appears  to  be  markedly  superior  to  any  other  for 
the  first  tillage  operation  after  harvest,  provided  that  it  is  equally 
efficient  in  killing  weeds.  Choice  of  implements  can  be  determined 
by  the  cost  of  operation  and  the  surface  condition  after  their  use. 
The  objective  of  tillage  during  the  period  between  harvest  and  seeding 
is  to  have  at  seeding  a  firm  seedbed,  well  supplied  with  moisture  and 
with  sufficient  crop  residue  on  the  surface  to  help  control  wind  erosion 
should  the  wheat  fail  to  make  an  adequate  fall  cover.  This  can 
usually  be  attained  by  using  two  or  more  implements  rather  than  by 
the  exclusive  use  of  any  one  implement.  The  best  assurance  of  ade- 
quate moisture  is  early  initial  preparation  and  control  of  weed  or 
volunteer  wheat  growth  until  seeding  time.  In  some  years  there  is 
little  or  no  rainfall  to  store  between  harvest  and  seeding,  but  in  all 
3'ears  early  tillage  is  needed  to  reduce  loss  of  water  already  in  the  soil 
and  to  take  full  advantage  of  years  with  substantial  summer  rainfall. 
A  firm  seedbed  is  usually  attained  by  a  shallow  tillage  operation  in 
advance  of  seeding. 

Delaying  tillage  of  stubble  land  until  the  middle  of  August  results 
in  a  material  reduction  in  average  yield,  regardless  of  the  nature  of 
the  tillage  or  of  subsequent  cultivations.  The  reduction  in  yield 
from  midseason  tillage  as  compared  to  tillage  soon  after  harvest  was 
about  5  bushels  to  the  acre,  a  very  substantial  reduction  that  can  and 
should  be  avoided. 

Delaying  initial  tillage  until  shortly  before  seeding  wastes  the  rain 
that  falls  during  the  sttmmer  and  gives  the  crop  a  poor  start,  from 
which  it  seldom  fully  recovers,  regardless  of  conditions  after  seeding. 
Average  yields  restdting  from  late  tillage  were  very  low — approxi- 
mately 9  bushels  less  than  yields  on  land  tilled  soon  after  harvest. 

Wheat  is  not  well  adapted  to  rotation  with  other  crops  in  this  area. 
Sorghums,  which  are  second  in  importance  to  wheat,  grow  until  late 
fall  and  leave  a  seedbed  deficient  in  moisture  for  wheat.  Yields  of 
wheat  after  sorghums  were  only  a  little  higher  than  those  of  late- 
prepared  continuous  wheat  and  as  much  as  8  bushels  lower  than  those 
of  continuous  wheat  prepared  early.  Wheat  does  well  following  corn 
or  cowpeas,  but  these  crops  are  of  little  importance  in  the  area. 
Yields  after  cotton  were  intermediate  between  those  after  sorghums 
and  after  corn. 

The  detrimental  effect  of  sorghums  is  not  overcome  by  growing  these 
crops  in  wide-spaced  rows.  The  yield  of  wheat  is  mtich  higher  than 
that  of  wheat  following  sorghttms  in  conventional-width  rows,  but 
the  total  yield  of  wheat  and  sorghum  in  such  a  rotation  is  lower  than 
that  of  an  eqttal  area  of  land  planted  to  wheat  imder  early  preparation. 
There  is  one  condition  where  growing  of  sorghtuns  in  wide-spaced 
rows  might  be  desirable.     This  is  where  wheat  has  failed  and  it  is 
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necessary  to  grow  some  cash  crop,  but  it  is  desirable  to  plant  all  the 
land  to  wheat  in  the  fall.  TTide-spaced  row  crops  are  a  means  of 
producing  a  small  cash  crop  while  providing  a  seedbed  fairly  favor- 
able to  the  planting  of  wheat. 

Summer  fallow,  a  practice  of  so  much  importance  in  many  dry-land 
areas,  is  not  well  adapted  to  climatic  and  soil  conditions  like  those 
at  Woodward.  The  acre  yield  of  wheat  was  increased  by  about  one- 
tliird  by  the  use  of  fallow.  This  means  that  only  two-thirds  as 
much  wheat  would  be  grown  on  land  alternately  fallowed  and  cropped 
to  wheat  as  on  the  same  area  of  land  planted  to  wheat  each  year 
under  good  methods  of  cultivation.  Fallow  has  not  added  gi^eatly  to 
the  reliability  of  production.  When  conditions  were  severe  enough 
to  cause  low  yields  or  failure  on  early-prepared  land,  yields  on  fal- 
lowed land  were  also  likely  to  be  low.  The  chief  effect  of  fallow  in  the 
Woodward  area  is  to  increase  yields  in  years  of  fair  to  high  produc- 
tion rather  than  to  prevent  failures. 

Fallow  in  the  area  should  be  used  chiefly  as  an  emergency  measure. 
Wliere  wheat  fails,  fallowing  is  likely  to  be  more  economical  than 
planting  to  some  other  crop  that  leaves  a  seedbed  deficient  in  moisture. 
Fallowing  gets  sorghum  land  in  condition  for  wheat.  Whether  it 
can  be  profitably  used  for  this  purpose  is  a  matter  of  economics.  More 
wheat  can  be  grown  m  2  years  by  growing  two  successive  crops  of 
wheat  after  sorghum  than  by  fallowing  the  first  year  and  producing 
a  single  crop  of  wheat  on  fallow.  The  greater  cost  of  growing  the 
two  crops  of  wheat,  however,  may  more  than  offset  the  difference  in 
production. 

Green-manure  crops  have  not  been  effective  in  bringing  yields  above 
the  levels  attained  on  fallowed  land.  The  winter-growing  legiunes 
used  for  green  manure — hairy  vetch  and  Austrian  Winter  peas — have 
caused  a  more  vigorous  fall  growth  of  wheat,  yet  no  consistent  in- 
creases in  final  grain  yields  have  resulted.  There  is  a  possibility, 
however,  that  the  time  may  come  when  soil-building  legumes  will  be 
necessary  to  continued  good  production.  Hairy  vetch  offers  the 
greatest  possibility  of  fulfilling  this  need,  but  soil  analyses  showed 
little  benefit  from  plowing  under  eight  crops  in  a  16-year  period. 

Commercial  fertilizers  are  likely  to  occupy-  an  increasingly  impor- 
tant place  in  wheat  production,  as  supplies  of  nitrogen  and  available 
phosphorus  in  the  soil  are  reduced  by  continued  cultivation.  It  is 
not  uncommon  to  note  nutrient-deficiency  symptoms  on  crops  early  in 
the  season,  but  in  most  years  the  extent  of  this  deficiency  is  not  reflected 
in  final  yields  because  lack  of  moisture  is  the  controlling  factor. 

Applications  of  a  combination  of  nitrogen  and  phosphorus  can  be 
expected  to  result  in  little  increase  in  yield  in  some  years,  low  to 
moderate  increases  in  many  years,  and  very  high  increases  in  a  few 
years.  There  will  probably  be  more  years  when  fertilizers  will  not 
pay  for  themselves  than  when  they  will,  yet  the  very  high  returns  for 
some  years  makes  fertilizer  application  profitable  on  the  average. 
To  be  sure  of  getting  the  occasional  high  returns  the  grower  has  to 
take  his  chances  and  apply  fertilizer  in  all  years. 

The  years  of  high  respouse  to  fertilizers  have  been  years  when 
spring  moisture   conditions   have   been   favorable   throughout   May. 
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Spring  moisture  conditions  furnish  some  indications  of  whether  fer- 
tilizer application  may  be  profitable.  Decision  on  whether  to  fer- 
tilize cannot  safely  be  delayed  until  spring,  however,  because  best 
returns  have  been  obtained  only  when  part  of  the  fertilizer  was  ap- 
plied in  the  fall.  Whether  the  time  will  come  when  the  farmer  can 
anticipate  the  moisture  conditions  early  enough  to  regulate  nitrogen 
application  and  thus  make  them  fully  effective  is  a  questionable  point. 
Moderate  fall  applications  of  fertilizer  each  year  appear  to  be  the 
best  means  of  making  sure  to  obtain  the  high  responses  that  are  real- 
ized occasionally.  The  average  profit  will  depend  on  the  frequency 
with  which  such  high  yields  occur. 

The  experimental  results  given  might  indicate  that  wheat  is  adapted 
only  to  a  one-crop  system  of  farming.  This  is  not  true.  Most  farmers 
in  the  area  practice  mixed  farming,  and  the  production  of  other  crops 
such  as  grain  or  forage  sorghums  is  a  necessity.  This  does  not  mean 
that  the  farmer  necessarily  need  balance  his  acreage.  Where  wheat 
is  the  principal  crop  in  the  farming  system,  the  greater  the  amount 
of  the  wheat  that  can  be  grown  following  wheat,  the  better.  When 
crops  other  than  wheat  are  grown,  their  effect  on  wheat  and  the 
economies  of  production  should  guide  the  farmer  in  fitting  them  to- 
gether in  a  cropping  system. 

SUMMARY 

This  circular  reports  results  of  tillage,  rotation,  fertility,  and  time 
of  seeding  experiments  with  winter  wheat  at  the  Southern  Great 
Plains  Field  Station,  Woodward,  Okla.,  for  the  years  1915-49.  Ex- 
periments were  conducted  on  moderately  fertile  sandy  and  silt  loam 
soils. 

Annual  precipitation  in  this  area  averages  23.76  inches,  but  it  has 
varied  from  less  than  15  to  more  than  41  inches  during  the  period  cov- 
ered.    The  frost-free  period  averages  about  200  days. 

Time  of  tillage  affects  wheat  yields  more  than  any  other  single  fac- 
tor that  is  under  control.  Initial  tillage  starting  shortly  after  har- 
vest increased  yields  more  than  any  method  of  delayed  tillage. 

Type  of  tillage  implements,  if  they  controlled  weeds,  was  relatively 
unimportant  as  far  as  yields  were  concerned. 

Differences  caused  by  plowing  every  year  as  compared  with  plowing 
every  2  to  5  years  alternating  with  cheaper  and  faster  tillage  methods 
were  unimportant. 

Soil  should  be  tilled  frequently  enough  to  prevent  weeds  from  be- 
coming well  established  and  exhausting  subsurface  moisture. 

Fallow  is  unimportant  as  a  cropping  practice  in  the  Woodward 
area.  Therefore,  differences  in  methods  of  maintaining  fallow  were 
likewise  of  little  consequence. 

A  delay  in  seeding  of  a  month  beyond  normal  seeding  dates  de- 
creased yields. 

Growing  wheat  in  rotation  with  grain  sorghums  reduced  yields 
significantly. 

JLegume  green-manure  or  hay  crops  grown  alternately  with  wheat 
did  not  increase  yields  above  those  from  alternate  crop  and  fallow. 
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Stable  manure  applied  in  a  ^t-Tear  rotation  increased  ^Yheat  yields 
over  a  similar  rotation  with  no  manure  and  to  a  lesser  extent  over 
those  with  cowpea  or  rye  green  manure.  Differences  increased  toward 
the  end  of  the  period. 

Xitrogen  and  phosphorus  fertilizers  used  together  increased  yields 
more  than  either  element  used  alone.  Yields  were  increased  suffi- 
ciently by  the  combination  to  be  profitable  on  the  average,  but  in  only 
a  few  years. 

Effect  of  precipitation  at  various  periods  of  the  crop  season  is  dis- 
cussed. Precipitation  for  April  is  only  month  that  gives  a  significant 
correlation  coefficient  with  yield. 

Moisture  data  show  differences  in  soil-moisture  storage  for  different 
dates  and  frequencies  of  cultivation  and  show  desirability  of  storing 
as  much  moisture  as  possible. 
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Table  22. — Monthly  and  annual  precipitation  at  the  Southern  Great  Plaim 
Station,  Woodward,  Okla.,  1915-48 


Field 


An- 

Year 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

nual 
total 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

1915 

1. 17 

3.44 

1.45 

6.53 

5.29 

2  AS 

3.14 

3.62 

5.74 

2.36 

0.55 

0.06 

35.78 

1916 

1.50 

.03 

.82 

1.78 

1.70 

10.26 

.00 

1.02 

2.34 

1.71 

.75 

.60 

22.51 

1917 

.20 

.20 

.10 

1.58 

1.03 

1.37 

1.13 

6.65 

2.72 

.05 

.67 

.01 

15.71 

1918 

1.60 
.06 

.29 
1.53 

2.09 
1.94 

2.22 
4.10 

4.00 
4.29 

1.91 
2.22 

.73 
1.35 

1.35 
1.87 

1.24 
.63 

3.35 
1.85 

1.53 
2.37 

2.92 

23.  23 

1919 

22^21 

1920 

1.03 

.07 

.61 

1.06 

3.40 

1.29 

4.69 

3.00 

5.01 

2.55 

1.32 

1.53 

25.  56 

1921 

2  22 

.61 

1.33 

1.80 

1.91 

5.78 

2.50 

5.11 

2.94 

.01 

.00 

.11 

24.  32 

1922 

1.02 

.96 

5.08 

2.97 

3.95 

.18 

1.07 

2.31 

2.83 

.74 

1.15 

.00 

22.26 

1923 

0) 
.03 

.06 
.81 

1.86 
2.96 

2.32 
3.14 

8.11 

.78 

4.20 
1.46 

.69 
3.07 

.39 
3.40 

9.33 
3.22 

11.99 
2.29 

.89 
1.90 

.84 
1.48 

40.68 

1924 

24.54 

1925 

.14 

.12 

.40 

3.18 

1.34 

2.06 

2.34 

.79 

2.44 

.70 

2.04 

.46 

16.01 

1926 

.54 

.11 

1.89 

1.70 

2.  23 

3.51 

5.18 

1.79 

3.37 

6.09 

1.09 

1.34 

28.84 

1927 

.41 

.68 

1.22 

2.20 

!52 

4.30 

6.89 

3.93 

.77 

.21 

.09 

.23 

21.45 

1928 

.01 

1.63 

.97 

1.58 

6.69 

3.74 

1.42 

.35 

.81 

4.54 

3.78 

1.03 

26.55 

1929 

.92 

.20 

2.04 

.77 

3.41 

.58 

3.15 

2.10 

4.45 

1.89 

2.83 

.12 

22.46 

1930 

.56 

.02 

.18 

2.58 

7.78 

2.93 

.28 

1.42 

1.06 

2.56 

1.71 

.49 

21.57 

1931 

.26 

.94 

4.31 

2.23 

3.44 

2  69 

1.16 

1.53 

2.86 

1.55 

5.73 

.53 

27.23 

1932 

1.06 

.82 

.46 

3.36 

2.33 

9.21 

.34 

4.98 

.41 

.64 

.01 

1.25 

24.87 

1933 

.07 

.52 

.48 

2.42 

1.25 

.10 

1.87 

4.78 

1.72 

.86 

.52 

.20 

14.79 

1934 

.83 

.50 

1.71 

2.08 

2.25 

4.69 

.09 

1.97 

2.50 

1.07 

1.93 

.93 

20.55 

1935 

.86 

.79 

.90 

.01 

7.17 

1.61 

.30 

.95 

1.56 

2.32 

2.29 

.35 

19.11 

1936 

.46 

.09 

0) 

.60 

5.21 

2.37 

.23 

.54 

3.53 

1.68 

.02 

.86 

15.59 

1937 

.66 
.03 

.38 
2.21 

1.78 
1.86 

.48 
4.77 

2.37 
8.33 

1.68 
4.55 

.51 
3.10 

2.28 
1.45 

3.91 
2.12 

3.65 
.20 

.03 
.49 

.40 
.19 

18.  13 

1938 

29.30 

1939 

2.84 

1.01 

1.59 

4.38 

1.66 

3.97 

2.58 

.85 

(0 

.09 

.44 

.83 

20.24 

1940 

.93 

1.58 

.18 

2.27 

1.46 

1.26 

2.54 

1.16 

1.84 

.69 

3.43 

.75 

18.09 

1941 

2.17 

2.00 

1.57 

3.66 

8.46 

5.72 

2.00 

1.92 

2.84 

9.66 

.64 

.58 

41.22 

1942 

.26 

.82 

.77 

3.54 

2.01 

2.92 

1.92 

2.93 

3.31 

4.56 

.07 

1.11 

24.22 

1943 

.01 

.15 

.54 

1.31 

4.84 

1.83 

2.27 

1.39 

.81 

1.49 

.36 

3.52 

18.52 

1944 

1.04 

1.22 

1.69 

6.83 

1.93 

1.38 

4.38 

1.73 

1.91 

4.01 

1.29 

1.79 

29.20 

1945 

1.18 

.76 

1.17 

3.37 

.87 

2.15 

1.70 

3.45 

4.51 

.21 

(0 

.20 

19.57 

1946 

.32 

2.25 

1.65 

.03 

2.44 

1.81 

.29 

2.41 

6.34 

5.55 

2.44 

1.31 

26.84 

1947 . 

.51 

.06 

2.55 

4.48 

6.44 

1.72 

1.72 

.39 

.06 

.03 

1.38 

1.78 

21.12 

1948 

.09 

3.39 

1.43 

1.48 

.93 

4.82 

1.54 

8.18 

.47 

1.73 

1.28 

.09 

25.43 

Average 

.74 

.89 

1.46 

2.55 

3.52 

3.02 

1.95 

2.41 

2.64 

2.44 

1.32 

.82 

23.76 

1  Trace. 
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Table  23. 


-Monthly   and   seasonal   evaporation,   Southern   Great  Plains  Field 
Station,  Woodicard,  Okla.,  1915-48 


Year 

April 

^lay 

June 

July 

August 

September 

Seasonal, 

AprU- 
September 

1915                            . 

Inches 
5.98 
5.93 
6.79 
4.97 
6.00 
7.70 
6.92 
7.92 
5.50 
6.32 
6.85 
4.77 
5.60 
7.32 
6.64 
7.05 
4.64 
6.63 
7.74 
6.25 
6.39 
7.28 
6.62 
4.12 
6.39 
6.46 
5.51 
5.32 
7.11 
5.02 
4.30 
7.17 
4.31 
7.71 

Inches 
6.73 
10.09 
6.98 
9.27 
5.36 
6.45 
8.04 
8.91 
6.34 
6.42 
7.17 
7.34 
8.16 
7.00 
5.33 
7.31 
6.88 
8.32 
8.92 
8.76 
5.59 
6.91 
8.30 
5.97 
7.88 
8.15 
6.62 
9.04 
6.14 
7.61 
7.99 
7.93 
6.39 
8.29 

Inches 
6.64 
8.25 

11.54 
8.67 
6.37 

10.  41 
7.28 

10.59 
8.42 

10.49 

11.78 

10.38 
9.25 
7.06 
9.83 
9.96 

10.66 
7.62 

12.90 

12.14 
7.90 

10.96 
9.29 
8.19 
9.48 

10.28 
7.13 
8.45 
9.89 

10.40 
7.58 

10.69 
9.22 
8.88 

Inches 
10.04 
10.67 
11.72 
10.08 
10.69 
9.79 
9.32 
11.03 
10.70 
9.09 
9.87 
9.70 
9.81 
9.84 
10.37 
12.96 
10.83 
12.23 
11.39 
15.78 
12.11 
13.01 
13.48 
9.44 
11.79 
13.  14 
8.73 
11.43 
9.90 
9.23 
9.42 
12.22 
10.23 
10.17 

Inches 
6.52 
11.11 
7.59 
11.00 
9.31 
6.87 
10.29 
11.53 
11.64 
9.49 
8.71 
8.61 
6.32 
10.02 
11.03 
11.71 
9.08 
10.71 
8.05 
11.64 
11.05 
13.19 
10.83 
12.20 
10.71 
9.62 
8.24 
8.51 
12.03 
9.93 
9.61 
9.12 
11.  .34 
7.55 

Inches 
5.76 
7.88 
5.26 
5.79 
7.60 
7.27 
8.75 
7.84 
6.50 
7.41 
6.57 
6.97 
6.96 
9.24 
7.62 
8.84 

10.90 
6.63 
8.28 
7.13 
7.09 
5.86 
7.17 
7.04 

10.90 
8.03 
6.95 
6.95 
7.30 
7.14 
8.58 
6.14 
9.72 
7.56 

Inches 
41.67 

1916 

53.93 

1917          

49.88 

1918 

49.78 

1919                                   

45.33 

1920 

48.  49 

1921              

50.60 

1922 

57.82 

1923 

49.10 

1924      

49.22 

1925                      

50.95 

1926 

47.77 

1927 

46.10 

1928              

50.48 

1929 

50.82 

1930 

57.83 

1931-     

52.99 

1932 

52. 14 

1933 

57.28 

1934 

61.70 

1935                            

50.13 

1936 

57,21 

1937 

55.69 

1938                   

46.96 

1939 

57.15 

1940 

55,68 

1941            --     

43.18 

1942 

49.70 

1943 

52.  37 

1944 

49.33 

1945 

47.48 

1946 

53.27 

1947 

51.22 

1948 

50.16 

6.21 

7.43 

9.37 

10.89 

9.86 

7.52 

51.28 
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Table  24. — Monthly  and  annual  mean  temperatures  at  the  Southern  Great  Plains 
Field  Station,  Woodward,  Okla.,  1915-48 


Year 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

An- 
nual 
aver- 
age 

1915 

°F. 

0) 

0) 
33 
24 
35 
34 
39 
32 
43 
32 
31 
34 
36 
39 
29 
20 
39 
33 
42 
37 
38 
32 
25 
38 
41 
19 
36 
34 
35 
35 
36 
36 
36 
32 

°F. 

0) 

0) 
36 
42 
37 
39 
40 
38 
34 
39 
43 
45 
41 
39 
27 
49 
44 
46 
35 
38 
42 
28 
37 
40 
32 
39 
36 
36 
43 
40 
38 
45 
35 
32 

°F. 

46 
54 
47 
49 
52 
46 
43 
37 
53 
44 
45 
49 
49 
45 
40 
41 
49 
45 
53 
51 
43 
63 
50 
49 
42 
47 
41 
43 
51 
54 
42 
40 

°F. 
60 
54 
54 
51 
57 
53 
57 
57 
57 
57 
63 
52 
60 
54 
61 
63 
54 
60 
57 
59 
56 
59 
58 
56 
57 
57 
57 
59 
60 
53 
53 
64 
55 
65 

°F. 
62 
69 
61 
71 
62 
66 
69 
68 
64 
61 
67 
68 
70 
67 
64 
66 
63 
68 
69 
70 
62 
69 
71 
66 
70 
68 
69 
67 
62 
68 
65 
65 
64 
69 

°F. 
73 
73 

78 
81 
71 
77 
75 
78 
76 
80 
82 
77 
75 
71 
77 
78 
80 
75 
83 
82 
74 
80 
77 
77 
78 
77 
73 
76 
78 
80 
72 
78 
76 
78 

°F. 
78 
82 
84 
81 
80 
80 
81 
82 
83 
78 
82 
79 
80 
81 
81 
84 
83 
84 
84 
89 
85 
87 
86 
81 
84 
84 
80 
82 
83 
80 
80 
85 
81 
81 

°F. 
72 
82 
76 
84 
83 
74 
81 
83 
82 
82 
79 
80 
75 
80 
83 
83 
78 
80 
79 
85 
84 
88 
86 
85 
82 
79 
80 
78 
85 
81 
81 
81 
85 
78 

°F. 

0) 
70 
72 
66 
74 
72 
76 
75 
73 
68 
73 
71 
72 
72 
70 
76 
80 
71 
78 
68 
70 
72 
73 
74 
77 
73 
72 
69 
70 
71 
71 
71 
77 
73 

°F. 

0) 
59 
54 
56 
57 
62 
63 
60 
54 
62 
51 
62 
64 
62 
59 
57 
63 
58 
61 
64 
59 
57 
59 
66 
65 
66 
59 
59 
57 
61 
61 
61 
67 
60 

°F. 

% 

51 
44 
41 
42 

47 
48 
48 
49 
46 
44 
50 

tl 

48 
48 
44 
50 
50 
43 
46 
43 
44 
46 
43 
48 
48 
46 
48 
49 
46 
42 
43 

op 

G) 
30 
30 
36 
33 
37 
39 
38 
38 
27 
36 
35 
31 
38 
38 
36 
41 
29 
41 
37 
37 
40 
35 
38 
42 
41 
39 
36 
33 
35 
33 
42 
37 
39 

°F. 

1916 

1917- 

56 
58 

1918 

1919 

56 

1920 

57 

1921- 

60 
59 

1922 

1923 

58 

1924 _-  __ 

56 

1925- 

59 

1926 

58 

1927 

58 

1928 .-  -- 

58 

1929- 

56 

1930 

59 

1931 

59 

1932--  _   -.  _ 

57 

1933- 

61 

1934 

60 

1935 

59 

1936- -  -   - 

59 

1937 

58 

1938 

60 

1939 .-  - 

60 

1940- 

58 

1941 

58 

1942 

58 

1943 . 

58 

1944 

58 

1945 

58 

1946 

61 

1947- - 

58 

1948 

58 

Average 

34 

39 

47 

57 

66 

77 

82 

81 

72 

60 

46 

36 

58 

No  record. 
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Table  25. — Average  monthly  and  annual  wind  velocity  at  the  Southern  Great 
Plains  Field  Station,  Woodivard,  Okla.,  1915-48 


Year 


Jan.  Feb. 


Mar. 


Apr. 


:May 


June 


July 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


Annu- 
al 
aver- 


1915 

1916 

1917 

1918 --- 

1919 --- 

1920 

1921 --- 

1922 --- 

1923 

1924 

1925 --- 

1926 --- 

1927 --- 

1928 --- 

1929 --- 

1930 --- 

1931 

1932 --- 

1933 

1934 

1935 

1936 

1937 

1938 

1939 

1940 

1941 

1942 

1943 

1944 

1945 

1946 

1947 

1948 

Average. 


M.T.h. 

V) 

(•) 

6.6 

7.0 

5.6 

6.7 

7.5 

7.9 

7.2 

8.4 

5.6 

6.4 

7.1 

7.8 

8.0 

6.9 

6.6 

7.7 

8.3 

6.9 

7.8 

7.2 

7.9 

8.0 

8.4 

5.1 

6.5 

6.6 

7.8 

6.4 

6.1 

7.2 

6.8 

3.6 


M.v.h. 
0) 
0) 
8.2 
9.5 
9.7 
5.8 
7.4 
8.3 
7.2 
8.7 
7.0 
7.6 
8.0 
8.6 
7.3 
8.6 
6.9 
7.9 
8.3 
7.4 
9.0 
7.3 
9.9 
8.8 
7.5 
8.4 
6.5 
7.8 
8.4 
7.7 
7.0 
9.7 
7.3 
4.3 


M.p.h. 
0) 
0) 

10.4 
8.4 
8.8 

11.7 
9.9 
7.2 

11.4 
7.0 
9.2 
7.7 
9.4 
9.2 
9.0 
8.8 
9.6 
8.7 
9.7 
9.0 
9.9 
9.7 
8.5 

10.2 
8.0 
8.8 
7.7 
8.7 
9.0 
9.3 
9.0 

10.1 
7.9 
6.5 


M.p.h. 
9.4 
9.2 

11.5 
7.8 
9.5 

11.2 
9.1 
8.1 
8.4 
9.1 
8.1 
6.8 
7.6 

10.4 

10.6 
7.9 
7.9 
9.5 
9.1 
7.5 
9.1 
8.2 
8.6 
8.8 
9.6 
9.0 
9.3 
9.6 
8.2 
9.2 
8.4 
7.4 
8.7 
6.4 


M.p.h. 
8.0 
9.1 
9.0 

11.1 
6.1 
7.6 
6.8 
6.9 
6.4 
6.0 
6.8 
7.0 
8.3 
6.1 
7.5 
7.3 
7.0 
7.1 
8.0 
7.0 
4.7 
4.5 
7.1 
6.2 
6.5 
7.4 
8.0 

10.0 
8.3 
7.8 
8.2 
7.4 
6.4 
3.9 


M.p.h. 

7.7 
8.3 
9.4 
6.2 
5.1 
9.9 
5.4 
5.7 
7.4 
7.7 
7.9 
7.2 
7.2 
6.5 
7.9 
7.4 
6.8 
5.4 
8.2 


6.1 
6.2 
4.7 
7.6 
8.1 
6.9 
7.7 
8.9 
9.8 
6.8 
9.5 
7.8 
3.2 


M.p.h. 
7.5 
5.7 
7.5 
6.4 
6.8 
6.1 
6.1 
6.0 
5.8 
6.5 
5.5 
5.4 
6.0 
7.1 
7.0 
7.4 
6.1 
8.0 
6.0 
9.0 
7.1 
7.0 
8.4 
5.5 
7.1 
9.5 
5.1 
7.4 
6.5 
6.1 
5.9 
6.9 
5.9 
3.2 


M.p.h. 
4.1 
7.4 
5.1 
6.3 
6.1 
5.0 
5.8 
6.3 
6.6 
6.5 
5.1 
5.4 
4.5 
6.8 
6.3 
6.6 
5.9 
8.2 
6.2 
6.9 
7.1 
7.6 
7.3 
7.9 
7.1 
5.8 
5.3 
5.9 
7.7 
7.0 
3.7 
6.2 
6.4 
3.3 


M.p.h. 

(>) 

8.2 

4.4 

5.4 

7.4 

6.6 

8.8 

6.4 

6.7 

6.2 

5.5 

8.1 


7.3 

7.6 
9.4 
5.5 
7.9 
8.4 
7.3 
7.0 
5.9 
5.0 
7.7 
6.9 
7.  7 
7.3 
5.9 
7.0 
8.2 
7.0 
7.6 
4.4 


M.p.h. 
C) 
8.0 
7.0 
5.3 
6.9 
7.3 
9.0 
6.4 
5.0 
6.2 
5.4 
5.6 
7.0 
7.2 
5.4 
7.2 
6.9 
7.2 
5.3 


6.3 
6.5 
8.4 
8.1 
5.8 
6.2 
5.7 
4.6 
6.0 
9.3 
5.8 
5.0 


M.p.h. 
(') 
8.9 
6.6 
6.5 
7.1 
6.8 
5.9 
7.6 
5.1 
6.4 
5.7 
8.4 
7.0 
8.3 
6.4 
8.0 
6.5 
7.2 
7.2 
7.4 
7.  7 
7.4 
6.8 
7.5 
5.1 
7.7 
5.* 
8.3 
6.2 
6.5 
6.8 
7.4 
6.6 
6.4 


M.p.h. 
(0 
7.9 
7.2 
7.7 
6.3 
9.0 
7.0 
8.4 
6.9 
6.4 
7.0 
6.6 
8.4 
7.9 
6.0 
6.1 


6.3 


5.9 
5.8 
6.3 
6.5 
7.1 
4.6 
5.9 


7.0 


7.  9   9.  0 


.8   7.2   7.2   6.6 


6.2 


0   6.6   6.9   6. 


.4 

.3 

6.9 

7.9 

6.8 
4.7 


Xo  record . 
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Table  26. — Comparative  yields  of  tvheat  (field  A)  in  dushels  per  acre  on  land 
continuously  cropped,  usitig  different  tillage  methods,  and  on  land  alternately 
cropped  and  falloived,  1915-48 


Acre  yields  when  land  is— 

Year 

Late- 
plowed  1 

Late- 
disked 
or  one- 
wayed  i 

Early- 
plowed 
8-inches 
deep  2 

Early- 
plowed 
4-inches 
deep  2 

Early- 
disked 
or  one- 
wayed  2 

Early- 
listed  2 

Alter- 
nately 

cropped 
and 

fallowed 

1915 

Bushels 
16.0 
2.2 
2.2 
0 
13.7 
9.8 
23.8 
13.3 
17.0 
13.7 
5.5 
12.5 
5.8 
5.3 
6.5 
6.8 

n.8 

13.0 
17 
4.8 
4.5 
12.0 
10.3 
27.5 
8.5 
3.7 
3L3 
9.7 
9.3 
13.2 
13.0 
10.3 
15.2 
8.5 

Bushels 

Bushels 
27.6 
4.5 
7.2 
6.0 
12.2 
9.8 
28.3 
27.2 
22.3 
10.3 
18.5 
20.8 
13.0 
19.5 
12.3 
20.2 
23.8 
20.5 
9.5 
15.0 

n.8 

19.3 
19.8 
29.7 
16.8 
8.8 
30.0 
13.5 
17.0 
23.5 
16.8 
19.3 
10.8 

n.o 

Bushels 

Bushels 

Bushels 
23.8 
4.2 
4.3 
6.0 
15.8 
19.5 
29.5 
28.5 
14.5 
13.5 
18.8 
20.5 
14.0 
14.0 
10.5 
16.3 
19.2 
21.3 
9.3 
13.7 
9.5 
17.2 
19.0 
3L0 
18.3 
5.3 
21.7 
16.2 
19.0 
23.7 
19.8 
17.8 
10.8 
10.2 

Bushels 
31.8 

1916 

2.8 

1917 

11.  5 

1918            --       -        

9.8 

1919 

13.7 

1920 

12.5 

1921 

32.8 

1922 

8.2 
12.2 
15.8 
8.7 
12.8 
6.8 
4.2 
6.5 
6.2 
16.7 
18.2 
2.2 
5.3 
4.8 

n.o 

7.5 
26.0 
6.7 
4.2 
27.7 

n.5 
n.7 

18.2 
17.5 
14.0 
16.8 

n.o 

35.3 
9.8 
22.3 
20.2 
16.7 
13.2 
21.8 
19.5 
21.7 
25.7 
23.8 

n.7 

7.7 
9.8 
18.7 
14.8 
37.2 
19.5 
8.3 
35.5 
2L8 
19.2 
30.8 
22.0 
18.0 
17.3 
17.0 

34.5 
14.0 
17.8 
16.7 
20.7 
14.8 
16.8 
13.0 
14.7 
22.3 
20.8 
10.2 

n.7 

9.2 
14.3 
17.0 
33.8 
18.8 
10.7 
33.3 
15.5 
17.5 
27.2 
20.5 
20.2 
14.2 
13.7 

34.5 

1923 

1924 

1925    -     

35.8 
7.5 
20.8 

1926 

1927 

29.7 
13.0 

1928 

19.  7 

1929 

1930 

1931 

1932 .     

n.8 

22.2 
27.5 
26.7 

1933 

1934 

8.2 
23.3 

1935 

1936      .       - 

20.0 
20.8 

1937 

27.5 

1938 

1939 --        

39.8 
19.8 

1940 

1941 

13.7 
35.8 

1942 

18.0 

1943 

1944 

18.3 
31.3 

1945 

1946 . 

26.2 
20.8 

1947 

1948 

17.5 
9.7 

Average  1922-48  3         

10.9 
10.7 

11.6 

17.8 
17.0 

20.0 

18.3 

16.8 
16.4 

22.2 

Average  1915-48 

21.0 

'  Average  date  for  late  tillage,  September  29, 

2  Average  date  for  early  tillage,  July  6. 

3  L.  S.  D,  at  5-percent  level  compared  with  early-fall  plowing  at  8-inch  depth  =  2.0  bu. 
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Table  28. — Yields  of  wheat  on  land  one-n-aijed  uniformly  after  harvest  and 
cultivated  at  seeding,  hut  cultivated  at  different  frequencies  after  the  initial 
tillage  operation,  field  B,  Woodward,  Okla.,  1942-48 


Frequencv  of  cultivation  after 
"  harvest 

Acre  yield  in— 

1942 

1943 

1944 

1945 

1946 

mr 

1948 

Aver- 
age • 

■\.t  2-week  intervals 

Bu. 
20.7 
24.3 
21.7 

20.3 

Bu. 
14.3 
16.7 
15.8 

15.8 

Bu. 
25.8 
24.2 
22.7 

21.0 

Bu. 
22.0 
23.3 
18.3 

14.0 

Bui 
15.7 
15.3 
13.3 

10.7 

Bu. 
15.7 
18.3 
18.3 

16.3 

Bu. 
16.0 
19.3 
17.7 

16.3 

Bu. 

18  6 

At  monthlv  intervals 

20  2 

18.3 

No  cultivation  between  initial  one- 
waying  and  seeding 

16  3 

21.8 

15.7 

23.4 

19.4 

13.8 

17.2 

17.3 

18.4 

bu. 


L.  S.  D.  from  no  cultivation  between  harvest  and  preparation  for  seeding  at  the  5-percent  level=  l.£ 


WINTER    WHEAT    PRODUCTION 
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Table  30. — Annual  yields  of  wheat  in  2-year  rotations,  in  which  ichcat  foUou's 
a  legume  crop  that  is  harvested  for  hay  or  is  plowed  under  for  green  manure, 
Held  B,  Woodward,  Okla.,  1933-48 


Acre  yield  of  wheat  after- 


Year 


Austrian  Winter  peas 
as — 


Hairy  vetch  as- 


Cowpeas  as- 


Hay  crop 


Green 
manure 


Hay  crop 


Green 
manure 


Hay  crop 


Green 


1933 

Bushels 
14.0 
22.2 
10.3 
21.8 
22.7 
41.2 
20.2 
18.8 
37.8 
24.5 
25.5 
44.2 
31.2 
28.5 
32.6 
21.5 

Bushels 
13.3 
22.3 
8.8 
23.2 
22.2 
43.2 
20.2 
11.8 
36.2 
24.2 
16.8 
39.0 
22.8 
24.5 
44.5 
22.7 

Bushels 
9.5 
21.3 
7.3 
21.2 
19.8 
40.2 
19.0 
15.2 
41.3 
22.3 
26.3 
37.2 
29.2 
28.7 
34.5 
21.5 

Bushels 
11.2 
22.8 
10.5 
24.2 
18.8 
44.2 
19.7 
18.3 
41.8 
20.2 
10.5 
35.3 
22.0 
17.3 
43.8 
20.0 

Bushels 
5.8 
19.2 
4.7 
16.0 
14.8 
29.3 
14.0 
5.2 
35.3 
23.5 
18.5 
34.7 
28.5 
25.2 
18.7 
17.7 

Bushels 
11.0 

1934             -           _  --   _ 

19.7 

1935 

5.7 

1936 

18.8 

1937      

14.2 

1938                    

46.2 

1939 

18.2 

1940 

8.  5 

1941             

35.5 

1942 

24.3 

1943 

23.3 

1944    --     

44.2 

1945 

29  0 

1946 

30.3 

1947 

37.2 

1948                    

19.5 

Average 

26.1 

24.7 

24.7 

23.8 

19.4 

24.1 
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